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THE HIGH ALTITUDE SAMPLING PROGRAM

PART II

STUDIES OF STRATOSPHERIC PARTICLES



-CHAPTER 1

INTRODUCTION

Studies of particles in the stratosphere were undertaken in HASP in an attempt

to shed light on two different aspects of the program; one concerned the efficiency of

collection (retentivity) of the HASP filters for radioactive debris in the stratosphere,

and the other concerned the physical and chemical properties of the particles on

which the radioactive fission products are carried throughout the stratosphere.

At the time when the HASP studies commenced, little was known of particles

in the stratosphere. The available information concerning the particulate material

was of a qualitative nature based mostly upon indirect meagurements of optical

phenomena, electrical conductivity, and a fow visual observations from manned

balloons and aircraft. These observations have been briefly surveyed by Junge,

Chagnon and Mansonl. We list here (Table 1. 1) the various observations which were

made. However, the reader is referred to the above mentioned paper for further

discussion. These limited observations provided little information concerning the

nature of the particles involved in world-wide fallout in the stratosphere.

By the time HASP was under way; it was widely accepted that the processem

which brought world-wide fallout into the troposphere were primarily meteorological.

gravitation of the debris - bearing particles being at most a'second order effect.

Since the size distribution and chemical composition of the stratospheric particles

were unknown it was not possible to make a reasonable guess as to whether, once in

the troposphere, these particles were incorporated into rain as freezing nuclei or by

scavenging due to collision with rain droplets. It was felt that HASP could contribute

toward the understanding of these problems and also toward the purely scientific

endeavor of man to understand his environment.



Thble 1. 1 Observations of Stratospheric Particles*

1. The occurence of noctilucent and mother-of -pearl clouds.

2,. Increased attenuation in the upper atmosphere in connection with meteor
shower s.

3. Twilight phenomena.

4. Presence of sodium in the upper atmosphere.

5. Obaervations of clouds and dust horizons in the stratosphere from
aircraft and manned balloons.

6. Measurements of electrical conductivity.

7. Injection of particles into the stratosphere by volcanic eruptions and
nuclear explosions.

8. Direct observations of particles by rockets and satellites.

9. Collection of magnetic spherules at the ground.

* Table taken from Junge, Chagnon, and Manson, T. Meteor. 18, 81 (1961).
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The routine flights of U-2 aircraft in the lower stratosphere provided a

possible means of obtaining particles whose physical and chemical properties could

be directly observed.

Early in HASP it was thought possible to observe otratospheric particles

collected in the filter samples. Preliminary electron miscroscope and light micro-

scope examinations of a few samples revealed that dust contamination and pieces of

the microfibrils from the filter material precluded unique identification of strat-

ospheric particles. The locations (or distribution) of the collected particles within

the filter papers were studied, however, by means of autoradiography performed on

1. large portions of filters ( quadrants , halves and sometimes whole
papers),

2. microtomed sections of small portions of filters which were embedded
in plastic, and

3. 'individual fibers of filters. This study was pursued in order to
obtain information on filter efficiency for the radioactivity collected

in the HASP missions.

When it became evident that direct observation of stratospheric particles

in filters could not be accomplished, other methods of collection were sought. In

the meantime an independent program of particle collection by balloon-borne

impactois was being initiated by Air Force Cambridge Research Laboratories in

connection with Project Ashcan. In the fall of 1958, Junge 2 reported the collection

of stratospheric particles in this program. It was then decided, in HASP, to

attempt to collect particles upon prepared impaction surfaces attached to the

upscream face of a filter in the nose sampler of a U-2. A successful collection

of particles was obtained in July, 1959, but the method of collection was not

amenable to routing sampling. It was desired, then, to initiate a program of

3



collection of stratospheric particles using HASP aircraft equipped with a particle

sampler which could expose imnpaction surfaces at altitude for any desired time

interval. The opportunity for such a program arose when, in a cooperative arrange-

ment, Dr. Christian E. Junge of AFCRL was able to provide the design of an impaction

sampler suitable for installation on U-2 aircraft. Through this program, samples

suitable for electron microscopic examination were obtained on a routine basis

starting in February, 1960.

A special set of filter collections was also obtained in connection with the

study of stratospheric particles. These samples were exposed for long time periods

in the stratosphere for the purpose of collecting enough particulate material for

neutron activation analyses of various elements. It was hoped that these analyses

would provide estimates of the amounts of extra-terrestrial material present in the

stratosphere.

In Chapter 2 of this part of the report, physical methods employed in the

studies of particles in filters and on impactors are described. Chapter 3 describes

the procedures and methods employed in the neutron activation studies. In Chapter

4 the results of the various analyses are presented and discussed. Chapter 5 i' a

discussion of the implications of the results of the particlk 3tidies in regard to

behavior of nuclear -ibris. A list of conclusions is also presented.
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CHAPTER 2

PHYSICAL METHODS OF PARTICLE STUDIES

In this chapter, we first describe the methods by which samples for direct

observation and detection of stratospheric particles were obtained along with a

general description of the analytical methods, and then we describe in detail the

various techniques and procedures employed in the analyses of these samples.

hI particular we are concerned here with describing; a) the autoradiographic

studies of particles in the HASP filters and, b) the studies of impacted particles.

DESCRIPTION OF PARTICLE COLLECTION AND METHODS OF ANALYSIS

Particles in Filter Papers

As mentioned in Chapter 1 of this part, the primary purpose of the study

of particulate material in filter paper was to determine the degree.of penetration

of the sampled radioactivity through the fibrous mat, thereby enabling assessment

of the efficiency of filtration of the sampled aerosol stream. A few samples,

however, were specially studied in an attempt to reach some conclusions

concerning the nature of the radioactivty-bearing particles.

The method involved in this study was basically autoradiographic.

Portions of HASP filters, ranging in size from a quadrant to a whole filter

paper, were contacted, front and back, by x-ray film for periods from about one

to three months. The resulting set o :utoradiograms constituted a survey of a

large area sample: By means of these survey autoradiograms small areas of

the sample could be located which contained large concentrations of radioactivity

indicated by spots of high optical density in the film("hot spots'), or alternativel6

areas with diffuse radioactivity could be located. Once the desired area was
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located by reregistration of the survey autoradiograms over the filter paper

sample, it wa.s removed from the sample by cutting with scissors or a circular

punch . The small portion of the filter paper was then embedded in polybutyl-

* methacrylate and subsequently cut into thin sections (about 10 microns thick)

with a microtome. Two types of sections were obtained; one type sliced parallel

with the plane of filter face and one type sliced perpendicular to the plane of the

face. These sections were laid flat, in serial order, upon a flat lucite plate.

From each set of sections from a Oingle small portion of a filter paper, arranged

on the lucite plate, another survey autoradiogram (x-ray film) was obtained. By

evaluating the optical density associated with each parallel section, an estimate

of the distribution of radioactivity with depth in the filter mat was obtained.

The survey autoradiograms from the microtomed sections also served

to locate particular sections which were further studied by high resolution

autoradiography using liquid emulsion. The liquid emulsion was applied to some

vertical sections, also for the purpose of studying .particle penetration. From

certain filter areas individual fibers of the filter mat were extracted and

subjected to high resolution autoradiograrhy. In a few cases when a "hot spot"

was detected in a single fiber, the silver grains of the autradiograrn were reduced

to permit microscopic examination of the particle, or particles, which contained

the radioactivity.

The details of the various techniques employed in this study are given

later in this chapter and the results of the study are given in Chapter 4.

Particles Collected by Impaction

a.) Impactors Mounted on Filters

The first successful collection of stratospheric particles in HASP was

accomplished by the rather crude method of affixing impaction surfaces to a filter
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paper in the nose sampler. The filte!r paper, and thus the impaction surfaces,

were then exposed to stratospheric air in a normal sampling procedure. The

sample balder consisted of a one inch diameter disc of 0. 005" thick sheet brass.

A central hole, 5/16" in diameter, was stamped in the disc, leaving a lip of 1/16""

height. A circular piece of Z00 mesh copper screen coated with a plastic film was

inserted into the central hole and held firmly by household cement and a tight

fit. A cylindrical dust cap 5/16" in diameter and 3/8" long fitted over the outer

side of the lip, and protected the sample from contamination prior to and after

exposure. The back side of the sample was protected from contamination by a

piece of gummed paper affixed to the holder. Two small, diagonally opposed

holes in the sample holder provided a means for sewing the whole assemblage

to the filter paper. Ten samples plus controls were prepared with substrates

(impaction surfaces) of Formvar, nitrocellulose, carbon coated nitrocellulose,

and Millipore filter. The sample preparation was performed in a "dust free"

laboratory. The samples were taken to Plattsburg Air Force Base, New York

where they were attached to a nose filter. Immediately before take-offthe dust

covers were removed from the sample holders and the filter paper was then

rotated into the sampling duct. Shortlyafter return of the aircraft from the

mission, the dust covers were replaced over the samples. The samples were

then sent out for electron microscopic examination.

b.) Probe Impactors

By far the most information concerning stratospheric particles was

obtained from analyses of samples collected on the probe impactors designed by

Junge and Manson of AFCRL and flown as part of HASP. Two of the six HASP

airc'raft were equipped with fixtures and actuators for the installation and

operation of the probes. Collection of samples in a routine manner began in

February, 1960 and has continued up to the present, although the samples with
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which we shall be concerned under HASP were collected up to November, 1960

A total of 17 analyzable samples were obtained for electron microscopy. An

equivalent number of samples were obtained for light microscopy and electron

microprobe analysis by AFCRL with whom the samplirg program was shared.

Suitable blank exposures (short time exposures) were obtained by both AFCRL

and HASP investigators. Several samples were not analyzable due to malfunctions

of the probe actuator, destruction of the substrate and accidental contamination

of the sample during handling.

The probe sampler, a modification of which is shown in Figure 2. 1, -was

designed to protect the sample from contamination at all times after preparation

of the sample until its return to the laboratory for examination. The probe, on

which the HASP samples were collected, differed from that shown in Figure 2. 1

in that there was only one sampling surface, the one exposed through the milled

window in the body. The large nut at the end of the body was a cover nut. The.

sampling surfaces consisted of plastic film coated on 200 mesh gold screen which

was attached to the stainless steel platen shown in Figure 2. 1. The entire

probe was constructed of stainless steel except for beryllium-copper spring clips

which held the platen to the inner piston. This piston was spring loaded, so that

the sampling surface was normally covered by the cylindrical body at the inboard

(left) end of the probe. The piston and cylinder were made to close tolerances,

thus providing an effective seal against contaminating particles. however, air

could slowly diffuse through to the sample along a 1/8 inch long, 0. 001 high path

between the maLing cylinder and piston. The surfaces of the cylinder and piston

were coated with a thin film of silicone oil which served three purposes:

1. ) to capture and hold any particles which entered the space between cylinder
and piston,

2.) to lubricate the mating surfaces preventing the formation of metal chips
during activation and deactivation of the sampler, and

9
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3.) to prevent icing of the probe during ascent and descent of the aircraft

through the moist troposphere.

Flight tests in which the samples were exposed for a very short time

(2 minutes) conclusively proved that the design of the probe excluded contamination

during shipment, storage, handling in the field, and tropospheric flight.

The probe was mounted on a special strut which was located on the

aircraft 132 cm, from the nose, oriented6 at an angle of 33 ' below the horizontal,

and extended 15.5 cm from the skin. The sample was therefore about 18 cm from

the skin, which permitted sampling of ambient air unperturbed by the structure

of the aircraft. The position of the strut can be seen in Figure Z. 2. The milled

flats in the body of the probe were used for tightening the probe in the strut and

for aligning the sampling surface normal to the direction of air flow. The sample

was exposed to stratospheric air when the pilot, by means of a switch, caused a

push rod within the mounting strut to push against the spring loaded piston, thus

mo/ing the sample into the milled window. When the switch was returned to its

original position the push rod retracted and the spring forced the piston back to

the closed position.

An outline of the history of the sample is given here to illustrate the

manner in which the program was performed.

I, The sample was prepared, the probe loaded, placed in a
polyethylene bag and packaged for shipment in the "dust free"
laboratory of Ernest F. Fullam, Inc.

2. The packaged probe was stored at the base of HASP operations
until time for use.

3. At the time of installation on the aircraft, just prior to taxiing to the
runway, the probe body and sampling window were kept covered with
the polyethylene bag by means of an elastic band.

4. The probe remained covered with the polyethylene bag during taxiing
and until just prior to take-off when the bag was removed.

5. The sample was exposed when the aircraft attained sampling altitude
in the stratosphere.

12



6. After the scheduled exposure time had elapsed,the sampler was
deactivated. Exposure times ranged from two minutes (for "blank"
samples) to about seven hours.

7. Imunediately after landing and prior to taxiing off the runway, the
* probe was re-covered with the ployethylene bag held with an

elastic band.

8. The probe was removed from the strut mount and repackaged for
delivery to Isotopes, Inc. along with an exposure data sheet.

9. The data sheet was retained at Isotopes, Inc. and the packaged
sample was sent on to Ernest F. Fullam, Inc. (EFFI).

10. At EFFI the probe was opened, unloaded, and prepared for electron
microscopic examination in a "dust free" atmosphere.

11. The data from the electron microscopy, in the form of data reports
and electron micrographs were sent to Isotopes, Inc.

The techniques employed in the various portions of the sample preparation,

handling, and analysis are described in the following section of this chapter.

* TECHNIQUES AND ANALYTICAL PROCEDURES

* Autoradiographic Techniques

(a) Survey Autoradiograms Using Film and Plates

Autoradiograms were produced from HASP filters and plates of thin

section of methacrylate embedded HASP filLers by exposure in contact with x-ray

film (Eastman No-Screen, double coated) or lantern slide plates (Eastman, Contrast)

as illustrated in Figure 2. 3. The components were assembled and the films given

scribed identification marks under total darkness. The contact pressure was

regulated by selection of corrugated spacer thickness to insure even contact without

compression of the I. P.C. filter paper. The photographic materials were removed

from the sample for the photographic processing steps and subsequently realigned,

by means of the registration pins (dowel pins in the case of coated glass photographic

13
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plates), for evaluation of the autoradiographic image. Exposure times for filter papers

ranged from several hours to three months. A one month period was found to be the

most practical. For thin sections the exposure times ranged from I to 12 months.

All exposures were made at room temperature ranging from 55 to 85*F. Exposures

longer than 1 month were performed in sealed plastic bags containing a desiccant

(Indicating Drierite).

Processing was performed with all solutions at 68 + 1/2'F. Total darkness

was maintained until half the time of the acid fixing step had elapsed. The procedure

was

(1) tray development for 5 minutes in undiluted D- 19, with agitation for the
first 15 seconds and for the first 5 seconds of each succeeding minute;

(2) water rinse for 30 seconds with continuous agitation;

(3) acid fixing for 10 minutes with periodic agitation;

(4) water wash for 30 minutes in running water;

(5) air drying by moderately forced air at room temperature.

(b) High Resolution Autoradiograms Using Liquid Emulsion

Melted bulk nuclear track emulsion was coated onto microscope slides which

contained individual filter fibers, thin sections of embedded filter, or impaction

collector samples in order to achieve a correlation of radioactivity with sample area.

Emulsions which were sensitive to all beta energies were used (Eastman NTB-3 and

Ilford G-5). The sample slides were handled as follows: Steps I thru 3 were carried

out under the illumination of 15 watt Wratten OA safelight at a distance of 4 feet.

(1) Chunks of refrigerated bulk emulsion were placed Into a 30 ml beaker.

(2) The emulsion was heated to fluidity by immersing the beaker in a water bath
at 113 F(NTB-3) or 1220 F (G..5)and stirring gently with a glass rod.

(3) A thin layer of emulsion was coated onto the sample slide by the use of a
warmed dropper, with care being exercised to prevent the formation of
air bubbles in the coated emulsion

15



Total darkness was maintained from immediately after step 3 until step 6b.

(4) The coated samples were dried overnight at room temperature.

(3) The microscope slides were transferred to a light tight box and suspended
therein over a desiccant (Indicating Drierite) and the box sealed with tape
for the exposure duration.

(6) The exposed coated samples were processed in D-19 as outlined above for
x-ray film, with the following modifications.

(a) Development was extended to 10 or 20 minutes and agitation confined
to the first 5 seconds of the first and every fifth minute of development.

(b) PYixing was for 20 minutes in total darkness followed by nitrogen gas
agitation in subdued room light when necessary.

(c) The plateswere immersed in 1% aqueous solution of glycerol for 1

minute previous to drying at room temperature.

The resultant silver image - radioactive deposit matrix was examined by

light microscopy techniques described later in this chapter.

Thin Sectioning Techniques

Portions of HASP filters, selected on the basis of survey autoradiograms,

were removed and embedded in plastic preparatory to microtome sectioning.

For settioning parallel with the filter face a 1/8 or 3/16 inch filter disk was

removed with a ho'low punch, the disk being retrieved from the punch center by

grasping its edge with precision tweezers. The filter was backed by 1/8 inch

Lucite and the punch driven by a hammcr. For sectioning normal to the filter face

a strip of filter 1/8 x 5/8 inches was removed using surgical scissors. The punch

or scissors were cleaned between anamples. The filter specimens were suspended

in gelatin capsules containing methacrylate as shown in Figure 2.4.

(a) Methacrylate Embedding

The embedding procedure was:

(1) Working stocks of butyl and methyl methacrylates were prepared by
removing the 0. 01% hydroquinone inhibitor from each (by a separaory
funnel wash with 2% NaOH followed by 3 distilled water rinses and
subsequent filtration through anhydrous Na2 SO4 ) and stored in tightly
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capped glass bottles in subdued light.

(2) A mixture of 7 to 10% methyl in butyl methacrylate was made from
the purified stocks.

(3) Benzoin was adled to approximately 0. 1% concentration (a speck)
to initiate polymerization by ultra-violet light.

(4) Number 0 or 00 gelatin capsules were uncovered and placed upright
in a block containing 5/16 inch diameter blind holes (See Figure 2.4).
For parallel sections a pre-cast methacrylate solid hemisphere was
inserted into the capsule bottom; for nornial sections notches were
cut in the capsule wall to accomodate a 0. 010" stainless steel suspenp.
sion twire.

(5) Sufficient methacrylate-benzoin solution was transferred by pipette
to almost fill each capsule.

(6) The filter portion to be embedded was held at the edge by precision
tweezers and inserted slowly into the capsule and oriented to the
final position shown in Figure 2.4.

(7) A small hole was punched in the capsule covers and the covers
replaced and sealed to the capsule bottom by a ring of household
cement (Duco).. When necessary additional rnethacrylate was added
through the vent to insure a final embedding of approximately 9/16
inch length.

(8) The block of loaded capsules was placed into a pyrex vacuum
desiccator, evacuated slowly with a forepump, and after 15 minutes
returned slowly to atmospheric pressure (rapid pumping upset or
emptied the capsules).

(9) Masking tape strips were attached to the capsule covers.

(10) The array was lifted carefully from the block and suspended 1 1/2
inches above and midway between two 15 watt flourescent blue lights
for a IZ hour polymerization period.

(11) The gelatin was removed from the solidified plastic pellet by soaking
in warm water until the gelatin dissolved or could be peeled.

(12) The pellet was trimmed to fit the ricrotome collet and minimize

unnecessary inicrotome sectioning of excess methacrylate.

(b) Microtome Sectioning

The plastic pellet in which the filter was embedded was held in a collet

type chuck (Porter Blum) adapted to a rotary microtome (Spencer 8Z0). Clamping

of the collet was improved by use of a lever arm inserted into radial holes drilled

18
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in the knurled collet clamping ring. The knife holder was set for zero slice

angle and tilt angles of 15* or less. A metal knife was used and sections were

cut singly, by hand rotation at approximately one revolution per second. A

thickness setting of 10 microns was used to cut cross sections of 25 to 50 square

millimeters. Each section was lifted from the knife using precision tweezers

(Figure 2. 5) and dropped onto a puddle of 25% aqueous solution of acetone standing

on a 2" x 3," glass slideband allowed to flatten and adhere upon drying. Each slide

contained up to 48 sections arranged in serial order. The slides containing

sections from a single sample were affixed in serial array by means of double

coated tape (Scotch Brand No.400) to 8 x 10 inch plastic registration plates for

survey autoradiography. Subsequently, selected thin sections were transferred

to glass slides containing "Scotch" tape edge dams and cemented with a 1%

gelatin solution preparatory to high resolution autoradiography.

Electron Microscopy

(a) Sampler Preparation

The inpaction collector shown in Figure 2. 1 was loaded with thin plastic

films of nitrocellulose or Formvar supported on gold screen of 200 mesh. The

work was performed in the laboratory of Ernest F. Fullarn, Inc., in a dust

controlled atmosphere, as follows:

(1) The collectors were dismantled and cleaned in hexane.

(2) The parts were dipped into a solution of 20mg of silicone oil
(100, 000 centi-stoke) per milliliter of hexane, and drained dry.

(3) The collector was reassembled to include the plastic substrate
(preparation described below) and inserted into a plastic bag
(0. 004" polyethylene) and sealed.

(4) The sampler was rolled in a double thickness of 1/2" thick
polyurethane foam and inserted into a doutble can mailing container
the outer can of which was lined with the foam packing.
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The plastic films were prepared as follows:

(5) Plastic solutions o 0. Z5% Formvar 15/95 in ethylene dichloride
and/or 17o nitrocellulose in amyl acetate were prepared (using
solvents purified by refluxing over calcium oxide for 4 hours and
distilled slowly over a narTow ernperature range).

(6) A 1 x 3 inch glass slide was cleaned by breathing upon and wiping
with a lens tissue.

(7) A thin film of plastic solution was applied by holding a slender
dr J'pper horizontally and drawing it along the slide while discharging
the solution of plastic.

(8) The slide was allowed to dry for a few minutes and the edge was thaen
scored with a sharp needle.

(9) A glass funnel was filled from the bottom with distilled water to the
point of overflow, by means of a pressured reservior.

(10) A clean water surface was prepared by scraping the water meniscus

from the funnel mouth by means of a quick stroke of a clean glass rod.

(11) The dried plastic coated slide was moistened by breathing on it.

(1Z) The slide was inserted slowly, and at a slight anglej under the water
surface and the film allcwed to float from the glass onto the water
surface.

(13) Gold screening was brought up beneath the film and both lifted
vertically from the water.

(14) The film.-gold matrix was blotted at the edge with thin filter paper,
and allowed to dry.

(15) The dried film was handled by the edge with precision tweezers and
the film cut to size and cemented at the edge to a stainless steel
platen, which fits the collector, by means of a 107* nitrocellulose in
am-l acetate cement.

(16) The platen-substrate assembly was fastened to the collector by means
of appropriate spring-clips and stainless machine screws.

(17) Control films were stored in plastic boxes for subsequent analyses
for "background" particles.

(18) When required to identify "background" particle% the plastic film was
vacuum shadowed at near grazing incidence with a thin film of
evaporated metal after step 14.

The collector was covered by the plastic bag until seconds before
aircraft take off and replaced seconds after landing.
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(b) Preparation of Exposed Samples

The collector substrates were removed from the collectors at the
Fullam Laboratory as follows:

(1) The film-gold matrix was removed from the stainless platen by
means of a sharp scalpel and precision twee:-ers.

(2) The film-fold was backed. with 0.003 inch transformer insulating
paper and four 1/8 inch diameter disks were punched; as illustrated
in Figure 2.6, using a special punch (EFFA).

(3) The grids Were placed in individual No. 5 gelatin capsules and then
into labeled plastic boxes, for subsequent electron microscopy.

(4) The remaining sample was cemented at the edges to a glass slide;
placed in a plastic box and shipped to Isotopes, Inc. for light
microscopy and autoradiography.

(5) When required for particle thickness determination, the sample was
shadowed With evaporated metal after step 1.

(6) Subsequent to electron microscopy all 1/8 inch sample grids were
returned to Isotopes, Inc., cemented to glass slides using an
overcoat of 10% nitrocellulose in amyl acetate, dried, and subjected
to high resolution autoradiography techniques.

Light Microscopy Techniques

A trinocular phase contrast microscope (American Optical) was modified

to include a vertical illuminator and a substage polarizing filter to provide bright

field, phase contrast, polarized and pseudo dark field illumination by transmitted

light, and bright field or polarized illumination by reflected light. Phase objectives

of 5, 10, 43 and 97 times magnification were used with 10 x and 20 x widefield

eyepieces. Photographic eyepieces of the negative type (Bausch and Lomb Ultraplane)

were used with 4"x5" sheet black and white film and monochromatic light or with

35rmm color film and color balanced illuminations. Appropriate magnifications and

illuminations were used to examine spci,.fly prepared samples for the following:
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(a) Examination of small pieces of IPC paper in order to assess gross porosity
of the paper, background particulates, and particulates corresponding to
survey autoradiogramr images;

(b) Mdeasurement of the thickness of IPC paper by focusing on the top and
bottom planes or by micrometry of carefully cut raw cross sections or
thin embedded sections using an eyepiece reticle calibrated by a stage
micrometer;

(c) Study individual filter fibers prepared by removing a mass of fibers by
means of precision tweezers, separating on glass clides by means of
needles, and flattened and held to the slide by a few drops of acetone;

(d) Examination and mapping of unique areas of impaction collector sample
substrates, both before and after electron microscopy;

(e) Examination for radioactive particles revealed by high resolution

autoradiogranms of:

(1) filter fibers,

(Z) thin sections of embedded filter,

(3) impaction collector substrates.

The silver image was removed, while viewing through the microscope,

by the use of Farmer'ls Reducer (1% potasiun ferrocyanide in 10% sodium

thiosulphate) as follows:

(1) The microscope stage coordinates of a dense autoradiographic image
was recorded and a photornicrograph or sketch produced of the field
of viev.

(2) Freshly mixed Farmer's Reducer was applied to the image using a
drapper; after 1 minute the old drop was removed and replaced by
a fresh drop.

(3) The progress was followed visually and the last particle revealed
(or the most central particle) was considered to be the radioactive
particle.

(4) This particle was measured using a calibrated eyepiece reticle.

(f) Observation of identifying chemical test reactions carried out on impaction
probe samples. This has been confined chiefly to a benzidine acetate
test for persulphates.

Electron Microscopy Techniques

Electron micrographs of 1/8 inch diameter grids from impaction collector
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substrates were produced in an R.C.A. EMV-3F electron microscope by Ernest

F. Fullam, Inc. Based on preliminary studies, grids "a" and "b", (Figure 2. 6)

were examined and representative fields recorded and subsequently enlarged as

micrographs representing 5000 x magnification. Grids "c" and "d", were

examined at 1500 x magnification and all particles suspected to be of stratospheric

origin were recorded.

Particle thickness was determined for several selected grids by means

of shadowing the grids in a vacuum with evaporated gold-palladium alloy incident

at 10* with the grid surface. Selected area electron diffraction patterns of areas

as small as 150 square microns (0. 00015 sq. mm.) were recorded, measured and

compared with American Society for Testing Materials (ASTM) Standards by

Frnct F. Fullani, Inc.

Particle Counting Procedures

Individual particles illustrated in electron micrographs were measured

by comparison with a reticle scale calibrated to 0. 1 mm., with the aid of a 6 x

magnifying lens. The micrograph patterns were divided into small areas to

prevent measuring a given particle twice. The particles were classified into two

groups based on particle shape and electron optical density.
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C HAPTER 3

NEUTRON ACTIVATION OF FILTER SAMPLES

As a means of estimating the content of terrestrial and/or extraterres-

trial materialin the stiatosphere, an experiment involving neutron activation

analyses of special HASP filter samples was undertaken.

The basic plan of the experiment consisted of obtaining four exposed

hatch samples, two from a northbound flight and two from a southbound flight

from Minot AFB, North Dakota. Four blank samples from each flight were

obtained from filters loaded into the hatch sampler but not exposed to 3trato-

spheric air. The activation analyses were thus perfotmed upon twelve samples,

four exposed and eight unexposed hatch filters.

The procedure used for handling the filter papers and installing them

in the aircraft are as follows:

Two groups of six hatch filters were obtained in their original sealed

envelopes; each group represented a different batch of filter paper.

The retaining frames and screens were thoroughly wiped with a washed

flannel cloth; each filter was removed from its envelope by personnel wearing

talcum powder-free surgical gloves and placed in its retaining frame. Each

frame was assembled and placed in the changer mechanism of the hatch sampler.

This was accomplished without contacting the filter with anything but the frame.

A Philips head screw driver was utilized for punching a small hole in the center

of the filter to accommodate a frame retaining screw. The entran ze and exit

ports of the hatch (1.'.ct were covered with inaskiaig tape; the hatch sampler was
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installed in the aircraft and the tape was removed just prior to the time of

taxiing for take-off.

On return of the aircraft to the hangar from a southbound course,

the hatch sampler was removed and each filter in its frame was placed on a

work bench where it was disassembled by personnel wearing surgical gloves.

All-filters were placed in nanilla envelopes for delivery to Isotopes, Inc,

It was originally planned that Isotopes, Inc. personnel would perform

all of the filter handling and loading for both north and southbound flights as

described above. The plan was carried out for the southbound flight only sincethe

northbound flight did not immediately materialize. However, Air Force personnel were

instructed in the procedure and tney performed the handling and loading for a

subsequent northbound flight.

Neutron Irradiation of Samples

The neutron activation of the twelve filter samples was divided into

four irradiations in which nine elements, nickel, xnanganese, copper, zinc,

phosphorous, chromium, iron, calcium and cobalt, were determined. The

comparator or comparative assay technique of simultaneous irradiation of samples

with standard samples of tht! elements of interest was utilized in all irradiativns,

The first irradiation was undertaken as a dry-run of the techniques

and procedures as well as to ascertain the flux homogeneity across the length

of the sample container. No filter samples were involved in this experiment.

The second irradiation involved four blank, or unexposed, filters. The third

and fourth irradiations each involved two exposed and two unexposed filters.
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Table 3. 1. List of Standard Samples for Neutron Irradiation*

Element mg of Staidard/ rl Aliquot gm Weight Activated Product
ml of Solation of Standard

Co 10. 00 0. 10 1 x 10- 3  Co 6 0

Cr 1.00 0.10 1 x 10 4  Cr 5 I

CtI 0. 10 0. 10 1 x 10- 5  Cu 6 4

P 5.00 0.20 1 x 10- 3  P 3 2

Ca 10. 00 1.00 1 x 102 Ca 4 5

Fe 10. 00 1.00 1 x 10 "? Fe 5 9

Zn 20. 00 0. 10 2 x 10- 3  Zn 6 9

Mn 0. 10 0. 10 1 x 10- 5  Mn 5 6

Fe 10. 00 1. 00 1 x 10 "2  Fe 5 9

Ni 10. 00 0. 10 1 x 10- 3  Ni 6 5

Cu 0. 10 0. 10 1 x 10- 5  Cu 6 4

Co 10. 00 0. 10 1 x 10- 3  Co 6 0

Listed in order of packing in cylindrical container
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In the first irradiation comparator standards of the elements of interest

were prepared br evaporating aliquots of standard solutions (see Table 3. 1) onto

individual Alcoa 1119, 1 1/2 inch by I 112 inch aluminum foils. The foils were

folded into small packets and an aluminum cover foil placed over each packet.

The aluminum foils, supplied by Brookhaven specifically for activation

analyses, were pre-treated by several 6N nitric acid washings, several distilled

water rinsings and finally dried under vacuum to minimize contamination by

dust particles. All handling in this and subsequent irradiations were conducted

by personnel wearing talcum powder free surgical gloves and in a comrparatively

"dust free" atmosphere.

The standards were combined in a 7/8 inch diameter by 2 1/2 inch

cylindrical aluminum capsule, supplied by Brookhaven National Laboratories,

in the order shown in Table 3. 1. Duplicate standards were placed at various

intervals to ascertain the flux homogeneity. The containeir was inserted in the

W- 13 experimental hole, 9 feet 6 inches from. the west face of the graphite

reactor at Brookhaven National Laboratories, and subjected to a thermal flux

of approximately 7. 5 x 1012 neutrons per square cm per second for a 48 hour

period.

On completion of irradiation, the aluminum packets were unfolded and e

each foil leached four times with warm 6N nitric acid. The. resulting solutions

were placed in respective volumetric flasks from which duplicate aliquots of

the ganna emitters, Ni 6 5 , "Mn 5 6 , Cu 6 4 , Zn 6 9 , Cr 5 l , Fe 5 9 and Co 6 0 , were

removed for radioassay by multichannel ganma ray spectrometry.
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Table 3. 2. Duplicate Determinations of Activated Standard Samples

Activated Duplicate Irradiation No. dpm % Standard Deviation
from the Mean

Cu 6 4  No. I 1 9. 93 x 107  0.70%

Cu 6 4  No. 2 1 1.03 x 108

Fe 59  No. 1 1 6. 93 x 106 2. 100/

Fe 5 9  No. 2 1 7. 14 x 106

Co 6 0  No. 1 1 7. 15 x 107  2.05%

Co 6 0  No. 2 1 7. 36 x 107

Fe 5 9  No. 1 4 3.00 x 10 5  0.80%

Fe 59  No. Z 4 3. 03 x 10 5

Co60 No. 1 4 5. 93 x 106  0.71%
CO60 No. 4 5.87 x 106
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The radioassay data indicated that all standards were highly contamin-

ated with sodium-24 from the Al 2 7 (n,9C)Na 2 4 reaction as well as activation

products from impurities in the aluminum foil. Consequently, the duplicate

standards were radiochemically purified in order to determine the flux homo-

geneity. The data are summarized in Table 3. 2. All other standards were discarded.

In view of these problems, the use of aluminum foil as the mounting

material in subsequent irradiations was abandoned. A second irradiation,

employing 2 3/4 inch x 2 3/4 inch squares of Dupont Type C, 25 gauge, "Mylar"

polyester film as the mounting material, was undertaken. All Mylar squares

were subjected to the same pre-treatment as were the aluirinum foils in order

to remove any surface contaminant. Comparator standards were prepared by

evaporating aliquots of standard solutions (as summarized in Table 3. 1 but

with no duplicates) on individual Mylar squares. Each square was folded into

a smaller square and placed into one of two 1/2 inch diameter by 1 inch cylin-

drical polyethylene capsulcs in the order shown below.

Capsule No. 1 Capsule No. 2

Ni P

Mn Cr

Cu Fe

Zn Ca

Co
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Four unexposed filters were removed from their envelopes and a 3. 1

square inch segment, containing the filter identification number, was removed

from each filter. A I inch diameter circle, containing the hole left by the

frame retaining screw, was punched out of the center of each filter and utilized

for total beta assay and autoradiography. The filters were cut into small squares

approximately 1/2 inch on a side, placed into 150 ml platinum dishes (2/sample)

and ashed in a muffle furnace for approximately six hours at 450-4600C. Thq

ash of each sample was quantitatively transferred (one sample was lost during

transfer) to a Mylar square. The squares were folded into packets and placed

into individual 1/2 inch diameter x 1/2 inch cylinderical polyethylene capsules.

A Mylar square, contained in a similar capsule was prepared as a

blank in order to ascertain the background activity attributed to the polyester.

The blank capsule, the three sample capsules and two standard capsules, were

placed in a 1 1/4 inch diameter by 2 1/4 inch cylindrical polyethylene capsule.

This entire unit was irradiated in the W-13 experimental hole of the graphite

reactor at Brookhaven National Laboratories in a thermal flux of approximately

I x ]0 1 2 neutrons per sq. cm per second for 2Z hours.

Upon completion of irradiation, the ash samples and Mylar blank were

removed from their containers with Teflon coated tweezers and each packet

placed in a platinum-i dish containing 5 ml of 48% HF, 5 ml of 70% HCIO4 and

10 ml of HZO. The packets were opened beneath the surface of the solution

with Teflon coated tweezers to prevent the loss of the powdery ash. The

solution was brought to boiling; the Mylar square remuved from solution, rinsed
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with water and transferred to another platinum dish containing a similar solution

of HF and HC1O 4 . The Mylar square was given three 2 minute leachings in the

second hot HF-HC10 4 solution, rinsed with lz.O and transferred to a culture

tube where it was radioassayed by multichannel gamna ray spectrometry. If

any residual activity from the sample remained, the leaching process and radio-

assay was repeated until it was removed. However, it was generally found that

three initial leachings were ample. All Mylar exhibited an inherent, unknown

activated product with a 0. 58 Mev gamma ray and an approximate 10 day half-

life, which could not be removed by repeated leachings. This activity was

disregarded in the radioassay.

The primary and secondary solutions in the first and second platinum

dishes were evaporated to fumes of HC1O 4 and combined into a 25 ml volumetric

flask. The platinum dishes were twice washed with several ml of hot IN HCl and

the washings added to the volumetric flasks. Finally, the solutions were diluted

to volume from which suitable aliquots were removed for radiochernical analysis.

The comparator standards were removed from their capsules and each

packet opened beneath the surface of a 6N HNO3 solution with Teflon coated

tweezers (standards of Ni 6 5 and Mn 5 6 were processed immediately because of

their short half lives). Each Mylar square was given four 15 minute leachings

hot 6N HNO rinsed with H2 0 and placed in a culture tube. The Mylar was

radioassayed for rcsidual activity employing the 100 channel gamma ray spec-

trometer. If any residual standard activity remained, the leachings and radio-

assay procedure was repeated until less than 1% of the total standard activity
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remained. As in the case of the samples, all Mylar exhibited an inherent, unknown

activated product which could not be removed by repeated leachings, so this

activity was ignored in the radioassay.

The resulting standard solutions were transferred to volumetric flasks,

from which appropriate duplicate aliquots of Ni 6 5 , Mn 5 6 , Cu 6 4 , Zn 6 9 , Cr 5 1 ,

Fe 5 9 and Co 6 0 solutions were removed for radioassay by multichannel gamma

ray spectrometry. To calibrate the low level beta counters for self-absorption self-

scattering effects, appropriate aliquots of the Ni 6 5 , P3, Ca 4 5 and Co 6 0 standard

solutions were removed for the preparation of standard samples.

The third and fourth irradiations were performed in exactly the same

fashion as the second irradiation. Two exposed and two unexposed filter ash

samples along with the comparator standards were encapsulated in each irradia-

tion. Both irradiations were performed in the W-13 hole of the Brookhaven

graphite reactor in a thermal flux of approximately I x 10 neutrons per sq.

cm per second for 24 hours. Duplicatc standards were provided in the fourth

irradiation to obtain further data on the neutron flux homogeneity within the

sample container. The data, surnxarized in Table 3.2 with data from the first

irradiation, indicate that the flux variation was no more than 2. 1% across the

sample container.

Radiochemical Methods

A sequential scheme was developed for the analysis of the unexposed

filter :jamples of the second irradiation. Nickel-65, manganese-56, copper-64,

chromium-51, iron-59 and cobalt-60 were separated sequentially from a 10 ml
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aliquot of the sample. The sequential scheme is summarized in Figure 3. 1.

A 5 ml aliquot was removed for the separation of idnc-69 and phosphorous-32

and another 5 ml aliquot utilized for calcium.-45 analysis.

Results of the second irradiation indicated that all the elements of

interest except chromium, iron and cobalt were in an abundance to give high levels

of activity fronj smaller aliquots. As a result, in subsequent irradiations, an

individual aliquot was removed for the analysis of each radionuclide. A 5 ml

aliquot was removed for Ni 6 5 analysis, a 3 ml aliquot for Zn 6 9 analysis, a 2

nil aliquot for Ca analysis, 1 ml aliquots for Mn 5 6 , Cu6 4 and P3 2 analyses

51 59 6and a 10 ml aliquot for the separation of Cr , Fe5 9 and Co 6 0 by the sequential

scheme summarized in Figure 3. 1.

35



412

U) .
"4

CD u

4$4

0 00
U)U 4"-

'0 
dN

Cdr

U.) 
p410 o

04 
"-u 

.

0 m ' 0

$4 
L)0 0 0

U4 
0

L U-(d,-'. u 1

00 
z

$4 
N ~ ed4A =

in 104

H 
$ 4

'0u
Cdd

(d 
41 X

k 0

Q) V4 04 0

u -4
1) 

$4C d u 'J 
4

0
L 

U
o 

U

01
P4  

in a

P4P

10

36



The Sequential Separation of Nickel-65, Manganese-56, Copper-64,
Chronium- 51 I Iron- 59 and Cobalt.. 601

_1 1. To an aliquot of the sample contained in a 40 ml glass centrifuge tube,
add Z0 mg of nickel, manganese, copper, chromium, iron ano. cobalt
carriers.

2. Make the solution IN in HC1, digest in a hot water bath for 5 minutes
and saturate the solution with H2 S gas for 5 minutes. Centrifuge and
reserve the supernate.

3. Wash the CuS precipita'e with 5 rnl of lN HC1, centrifuge and discard
the wash.

4. Dissolve the precipitate in 8 ml of aqua regia, boil over a flame for
several minutes and add 2 mg of Sr, Ba and Fe carriers. Continue
w ith step (b) of the copper-64 purification procedure.

5. To the supernate from step (2), add concentrated NH4 OH to pH -,-10
and bubble HS gas through the solution for 5 minutes.

6. Again add concentrated NH40H to pH -,10 and boil over a flame for
2 minutes to insure the complete precipitation of chromium hydroxide.

7. Cool, again bring the pH to approximately 10 with concentrated N114 OH,
centrifuge and discard the supernate.

8. Dissolve the precipitate with 8 ml of aqua regia, make the solution
basic to pH 10 with concentrated NH4 OH, centrifuge and reserve the
precipitate for Mn5 6 , Cr5l and Fe 5 9 separation. Wash the precipitate
with 10 ml of 6N NH4 OH, centrifuge and combine supernates.

9. To the conbined supernates, add 20 ml of 50% KOH and boil for 15
minutes to completely precipitate Ni and Co hydroxides. Centrifuge and
discard the supernate. Wash the precipitate with 10 ml of H2 0,
centrifuge and discard the wash.

10. Dissolve the precipitate in 3 ml of 6M HOAc, heat slightly if the
precipitate does not completely dissolve. Dilute to 25 ml with HzO and
cool in an ice bath.

11. Precipitate K3 Co(NO) 6 by addition of 6 ml of glacial acetic acid saturated
with potassium nitrite; cool for 30 minutes, centrifuge and decant the

supernate into a 100 ml beaker.
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12. Wash the precipitate with two 20 ml portions of HZO, centrifuge and
combine the washings and supernate. Reserve the combined washings
and supernate for step (b) of the Ni 6 5 purification procedure.

13. Reserve the precipitate for step (d) of the Co60 purification procedure.

14. Dissolve the precipitate from step 8, reserved for Mn 5 6 , Cr 5 1 and Fe 5 9

separation, in 10 ml of 6N HNO 3 and transfer the solution to a 100 ml
beaker with 15-20 ml of H2 0. Add 3 ml of saturated NaBrO 3 and heat
to incipient boiling for 15 minutes in order to precipitate MnO2 .

15. Transfer the mixture, portionwise, to a 40 ml centrifuge tube, centrifuge
and decant the supernate to a clean 100 ml beaker. Wash the precipitate
with 10 ml of 3N HNO 3 , centrifuge and combine the wash and supernate.
Reserve the precipitate for step (e) of the Mn 5 6 purification procedure.

16. To the combined supernate and wash, add concentrated NH 4 OH to a pH
of 8. 5 to precipitate Fe(OH) 3 .

17. Transfer the mixture to a 40 ml glass centrifuge tube, centrifuge and
decant the supernate to a 125 nL Erlenmeyer flask. Wash the precipi-
tate with 5 ml of H 2 0, centrifuge and combine the wash with the supernate.
Reberve the combined wash and supernate for the Cr 5 1 purification
procedure.

18. Reserve the precipitate for the Fe 5 9 purification procedure.
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2, 3
The Sequential Separation ofPhosphorous.32andZinc-69

1. To a 5 ml aliquot of the sample contained in a 30 ml beaker, add 5 mg
of phosphorous carrier and 20 ing of zinc carrier.

2. Evaporate the solution almost to dryness and transfer the sample to a
60 -nl separatory funnel using 20 nil of concentrated HCI as transfer agent.

3. Place the separatory funnel over a Dowex- 1 anion exchange column
(Note 1) and allow the sample to deposit on -the column at the rate of 1 drop
every 4 seconds.

4. Collect theeffluent, which contains the phosphorous, in a 100 ml beaker.
Elute the remaining phosphorous with 50 ml of concentrated HCl and
combine effluents.

5. Evaporate the phosphorous fraction almost to dryness, transfer the
sample to a 40 ml lusteroid tube with 10 ml of H2 0 and proceed to
step (c) of the phosphorous purification procedure.

6. Elute the zinc by passing 75 ml of IM HNO 3 through the column collecting
the effluent in a 100 ml beaker.

7. Evaporate the solution to about 5 ml, transfer the solution to a 40 ml
glass centrifuge tube using a few ml of water as transfer agent and
proceed to step (b) of the zinc-69 purification procedure.

Note 1. The resin is prepared by placing the resin in a 400 ml beaker and

adding Z00 ml of H2 0. The resin is allowed to settle and the 1-O
containing the fine particles of resin is decanted off. This procedure is
repeated with an additional four 200 ml portions of HzO and three 100 ml
portions of 6N TIC1. After the last 6N HC1 wash, the resin is slurried
with 1ZM HC1l and placed in a 1. 3 cm diameter column to a resin height
of 16 cm. About 25 ml of 1ZM HCl is run through the column as a final
washing.
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The Radiochemical Analysis of Calcium-45 4, 5, 6

I, To. an aliquot of the filter paper solution contained in a 40 ml glass
centrifuge tube, add 20 mg of standardized calciurq carrier and make
the solution strongly arnmoniacal with concentrated NH4 OH.

2. Heat in a hot water bath for five minutes, then add 10 ml of saturated
(NH4 )2CO 3 to precipitate CaCO 3 ; digest until the precipitate settles.
Cool, centrifuge and discard the supernate.

3. Dissolve the precipitate in 2 ml of 6N HC1 and add 6 drops of Fe carrier
(10 mg Fe/ml). Heat over a flame for several minutes to remove all CO2 .
Dilute to 10 ml with H2 0 and precipitate Fe(OH) 3 by the dropwise addition
of concentrated NH4 OH.

4. Cool, centrifuge, transfer the supernate to a clean 40 ml centrifuge tube
and discard the precipitate.

5. Acidify the supernate with concentrated HCl and repeat step 4 twice.

6. Render the supernate from the last Fe(OH) 3 scavenge strongly ammoniacal
with concentrated NH 4 OH, heat in a hot water bath and add 10 ml of
saturated (NH 4 )2CO3 , Digest until the precipitate of CaCO3 settles, cool,
centrifuge and discard the supernate.

7. Dissolve the CaCO3 precipitate in 2 ml of 6N HCl, boil over a flame for
several minutes to expel CO 2 and dilute to 10 ml with H2 0.

8. Transfer the solution to a 100 mrl beaker, dilute to 40 ml with H2 0 and
add IN NaOH to pH of 12.

9. Add one-half of a "murexide" tablet, stir until dissc~Ived, and then add
dropwise, with stirring, 7. 5% EDTA solution until the color changes
from red to blue.

10. Carefully adjust the pH to 5. 5 with IN HCI and transfer the solution,
without washing, to a 60 ml separatory funnel, the stem of which is
directly over a 13 mm OD ion-exchange column containing sodium-cycled
"Dowex-SO" cation exchange resin (Note 1).

11. Adjust the flows frorn the separatory funnel and column to 1 drop/second,
collecting the effluent in a 250 ml beaker.

12. Elute the column with 150 ml of "calcium wash solution" (1% citric acid-
0. 7516 EDTA, with the pH carefully adjusted to 5. 3), collecting the eluent
in the same 250 ml beaker.
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13. Evaporate the solution on a hot plate to approximately 50 mls and transfer
with H 2 0 washings to 100 ml beaker; evaporate just to dryness.

14. Cautiously add 30 ml of fuming HINO 3 and evaporate just to dryness. Add
another 20 ml of fuming HNO3 , evaporate to about 5 ml and cool the
beaker in a cold water bath for 5 minutes.

15. Decant the mixture into a40 ml centrifuge tube, centrifuge and discard the
supernate.

16. Dissolve the Ca(N0 3 )2 residue remaining in the beaker with a minimum
amount of H ZO and add to the centrifuge tube. Wash the beaker with two
5 ml portions of H 2 0 and add to the tube.

17. Render the solution strongly ammoniacal with concentrated NH 01i, heat

to boiling over a flame and precipitate CaC2 O 4 . H2 0 by the dropwise
addition of 3 ml oi 4/(Nl 4 ) 2 C 2 O4 . Centrifiia and discard the supernate.

18. Dissolve the precipitate in 2 ml of concentrated HNO 3 , add 2 ml of IM
NaBrO 3 and evaporate to 1 ml over a flame.

19. Add 6 drops of Fe carrier (10 mg Fe/ml) and dilute to 15 ml with HZO.
Add concentrated NH 4 OH until Fe(OH) 3 precipitates; centrifuge and

discard the precipitate.

20. Acidify the solution with concentrated HNO 3 and repeat the Fe(OH) 3

scavenge.

21, Precipitate CaC2 .O4 ' H 2 0 as in step 17, filter the precipitate onto a
weighed Whatman No. 42 filter disk, wash with two 10 ml portions of
HZO and once with a 10 ml portion of anhydrous "anhydrol. 1" Dry in an
oven at 100'C for 15 minutes, cool to room temperature in a desiccator and
and weigh for chemical yield (approximately 60-70%).

Calcium-45 Counting Procedure

The CaCzO 4 ' Hz0 mount is counted in a low level beta counter.

Radiochemical purity is ascertained by counting without an absorber
and then with an aluninum absorber of 6. 26 rng/cm 2 thickness. The
ratio of the two count rates is compared by counting absolute standards
under the same conditions. If the sample ratio agrees with the standard
ratio within the prescribed counting statistics, the sample is accepted
as radiochemically pure.
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Note 1. The resin is conditioned by three cycles of alternate washings with
5% HCO solution and 5% NaCi solution in a 400 ml beaker. The resin
is allowed to settle and the fine particles decanted off after the addition
of wash solution. The resin is finally vmashed free of NaCI with several
H2 0 washings and approximately I0 ml of wet resin is place~d in the
column.
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Nickel-65 Purification Procedure

(a) To an aliquot of the filter paper solution, contained in a 40 ml glass
centrifuge tube, add 20 mg of stanidardized nickel carrier and stir.

(b) Add 10M KOH until all the nickel io- precipitated as the hydroxide.
Centrifuge and discard the supernate . Wash the precipitate with 5 ml
of H2 0, centrifuge and discard the wash.

(c) Dissolve the nickel hydroxide precipitate in 5 ml of 6M HCI, add 10 ml
of 10% sodium citrate solution and render the solution ammoniacal by
the addition of concentrated NI-14 0H (Note 1). Dilute to 25 ml with HZO
and precipitate nickel by the additon of 15 ml of 1% alcoholic DMG reagent.
Centrifuge and discard the supernate. Wash the precipitate with 30 ml
of HzO containing a drop of concentrated NI-I4 01. Centrifuge and discard
the wash.

(d) Dissolve the Ni-DMG precipitate in 2 ml of concentrated -CI and dilute
to 15 ml with H 2 0 (Note 2). Add 10 ml of 10% sodium citrate solution,
5 znl of DMG reagent and precipitate Ni-DMG by the addition of concen-
trated NH 4 O-. Centrifuge and wash the precipitate as in step (c).

(e) Dissolve the Ni-DMG precipitate in 10 ml of concentrated HNO3 and
transfer the solution to a 250 ml Erlenmeyer flask. Boil the solution to
dryness on a hot plate and continue heating to destroy all organic mattcr
(Note 3).

(f) Dissolve the black NiO by heating in several ml of concentrated HCI. The
solution process is aided by the addition of a drop or two of concentrated
HNO 3 . Boil until NiCl, precipitates (Note 4) and then dilute to 20 ml
with H20.

(g) To the solution from step(f) add 3 drops of concentrated HCI and 4 drops
of Cu carrier (10 mg Cu/ml). Heat almost to boiling in a hot water bath
and pass I-IZS gas through the solution for 5 minutes. Filter the sulfide
precipitate throughWhatmnan No. 42 paper (9 cm in diameter) contained
in a 2,,, 600 glass funnel and collect the filtrate in a clean 40 rnl centri-
fuge tube.

(h) Boil the filtrate over a flame to rcmove the excess II 2 S, add 4 drops
of copper carrier and repeat the sulfide scavenge as in step (g).

Ci) Boil out the HZS, add 8 drops of Fe carrier (10 mg Fe/ml) and precipitate
A1(O-1) 3 from hot solution by the addition of concentrated NH 4 0- (I nil
in excess). Centrifuge and transfer the supernate to a 40 ml centrifuge
tube.
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(j) Acidify the supe:rnate with concentrated HC1, add 8 drops of F.e carrier
and repeat step (i).

(k) To the supernate from the last Fe(OH) scavenge, add 10 ml of 10o
sodium citrate solution and 15 ml of R, alcoholic DMG solution; transfer
the solution-to a 1 liter separatory funnel containing 500 rml of CHC13 .

(1) Shake the separatory funnel for 3 minutes to extract the Ni- DMG into the
chloroform (lower) layer. (Note 5).

(m) Drain the CHC13 extract into a clean 1 liter separatory funnel and wash
the extract with two 50 ml portions of H2 0 containing -. few drops of
concentrated NH 4 OH. Discard the aqueous phase and washings.

(n) Back-extract the nickel with 20 ml of 6M HCI (Note 6) Transfer the aqueous
phase to a Z50 ml Erlenmeyer flask and evaporate the solution nearly to
dryness. Add 4 to 5 ml of concentrated HN0 3 and evaporate the solution
to near dryness.

(o) Add I ml of concentrated HZSO 4 and heat the solution to SO 3 fumes; fume
strongly for 10 minutes (Note 7). Cool, add 6 ml of HO to dissolve the
solids and add concentrated NH 4 OH to the first permanent blue color; then
add 1 ml in excess.

(p) Add 2 gm of (NH ) SO and transfer the solution to a plating cell as
described in the analysis of Pu 3 9 (See Chapter 3 of Part I of this report).
Plate the nickel on a weighed, circular platinum foil, 7/8 inch in diameter,
for approximately 3 hours at 0. 10 amp (Note 8). Add one drop of concen-
trated N1 4 0H about very 30 minutes.

(q) After plating is complete, wash the disk with H2 0 and anhydrous "anhydrol. "
Air dry, weigh for chemical yield (approximately 60%) and mount on a
brass planchet.

Nickel-65 Counting Procedure

The radioactive decay of the Ni mount is monitored by beta counting. The

Ni mount is accepted as radiochemically pure if its decay rate is within + 8. 0

minutes of the 153. 6 minute-half life of Ni 6 5 .
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Note 1. A color change to deep blue-violet indicates that sufficient NH4OH

has been added.

Note 2. Disregard any DMG which precipitates at thic stage.

Note 3. It is necessary to remove all organic matter in order to precipitate
Fe(OH) 3 in step (i).

Note 4. Be certain that the heating is continued for sufficient time to remove
HNO 3 .

Note 5. Freshly precipitated Ni-DMG ordinarily extracts readily into CHCl 3.
If it does not do so, as indicated by the yellow orange color, add an
additional 50 ml of CHC13 and shake the funnel vigorously until the
aqueous phase is colorless.

Note 6. The complete disappearance of the yellow-orange color of Ni-DMG
in the CIIC13 layer indicates that back-extraction is complete.

Note 7. All organic materials and nitrates must be removed for successful
plating.

Note 8. The time required for complete plating depends upon the volume of
solution. The best indication of completion of the plating is when the
solution becomes colorless.
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Manganese-5o Purification P.rocedure

(a) To an aliquot of the filter paper solution contained in a 150 nl beaker, add
20 rmg of standarized manganese carrier, 5 ml of concentrated HNO 3 and
heat the solution on a hot plate arrnost to boiling.

(b) Add 2 ml of saturated NaBrO 3 solution and digest until all the MnO2 has
precipitated.

(c) Transfer the mixture to a 40 ml centrifuge tube, centrifuge and discard

the supernate. Wash the precipitate with 10 ml of SN HNO 3 , centrifuge
and discArd the wash.

(e) Dissolve the MnO2 precipitate in 4 ml of concentrated HC1 and evaporate
the solution to near dryness. If the solution does not turn clear or a very
light green during evaporation, again add 4 ml of concentrated HC1 and
evaporate until the solution turns light green (Note 1). After the light
green color is obtained, make the volume up to 4 ml with concentrated HCI.

(') Pass the siolut iun over a Dowex-i, 100-Z00 mesh, 8 or 10% nominally
cross-linked, chloride form anion exchange column (Note 2),that has
beenwashed with concentrated HC1, and collect the effluent in a 50 ml
Erlenmeyer flask. Wash the column with two 10 ml portions of concentrated
HC1, combining the washings with the effluent.

(g) Evaporate the combined effluent and washings to about 2 ml and transfer
the solution to a 40 ml centrifuge tube with about 10 ml of H 2 0.

(h) Add solid Na 2 CO 3 to the solution until all the MnCO 3 has precipitated;
heat slightly to insure complete precipitation. Centrifuge and discard
the supernate. Wash the precipitate with 10 mlof H2 0, centrifuge and discard
the wash.

(i) Dissolve the precipitate in 3 ml of concentrated HNO 3 , add 1 ml of Fe
carrier (10 mg Fc/ml) and dilute to 15 ml with 1 2 0. Cool in an ice bath
and add 0. 5 gm of NaBiO3 (with stirring), to oxidize the Mn+ 2 to MnOQ
Continue stirring for I minute and then add 2 drops of 85% phosphoric
acid to stabilize the permanganate.

(j) Make the solution basic with 6N NaOH (plii9to 10 with pH paper), centrifuge
and decant the supernate to 100 ml beaker (Note 3), Wash the precipitate
with 5 ml of H2 0 containing several drops of 6N NaOH, centrifuge and
combine the wash with the supernate.

(k) To the combined supernate and wash from step (j), add 3 ml of concentrated
HNO 3 , a few drops of saturated oxalic acid solution and heat on a hot plate

until the solution becomes colorless. (Note 4).
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(1) Heat the solution almost to boiling, add 2 ml of saturated NaBrO 3 and
heat vigorously until al the MnO2 has precipitated.

(m) Transfer the precipitate, to a 10 ml test tube, centrifuge and discard
the supernate. Wash the precipitate with 5 ml of H2 0,
centrifuge and discard the wash. Stopper the tube and gamma count.

(n) On completion of the radioassay, slurry the precipitate in HO and filter
with Whatman No. 42 filter paper (9 cm) contained in a 2", 600 funnel.

(o) Place the filter paper and precipitate in a tared porcelain crucible and
heat gently until the paper is completely charred, making sure that the
paper does not ignite.

(p) Heat the crucible in an electric muffle furnace at 8500 for 1 hour, cool
in a desicator and determine the chemical yield (60-70%) as Mn 3 0 4 .

Radiometric Assay

The test tube containing the MnO2 precipitate is placed in the well
crystal of the gamma ray spectrometer. The net count-rate in the 0. 82
Mev photopeak is detem.cnined by the area method.

Note 1. If the solution remaips a deep green, then add 4 to 6 drops of IN
sodium bisulfite and proceed to step (f).

Note 2. The column is 13 mm CD glass tubing With a resin bed 1/2 to 3/4

inch in depth.

Note 3. The solution should remain deep purple.

Note 4. The MnO4 is reduced to Mn+ Z .
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Copper-64 Purification Procedure

(a) To an aliquot of the filter paper solution contained in a 40 ml centrifuge
tube, add 20 ing of standardized copper carrier and 2 mg of barium,
strontium and iron carriers,

(b) Render the solution anamoniacal with concentrated NH4 0H and add
approximately 1 gmn of solid K2 C0 3 to precipitate the carbonates.
Centrifuge and decant the supernate to a clean 40 ml centrifuge tube.

(c) Neutralize the supernate with concentrated HCl (until a faint blue color
persists) then add solid NaIISO3 until the blue coloration disappears and
SO? fumes are evolved.

(d) Add 1 ml of saturated KCNS, 1 ml of glacial acetic acid and digest in a
hot water bath for 15 minutes. Centrifuge and discard the sup ernate..

(e) Wash the precipitate -with two 5 ml portions of HZO, centrifuge and discard
the washings.

(f) Dissolve the precipitate in a minimum amount of concentrated HNO 3 (HOOD,
Note 1), dilute to 10 ml with HO and make the solution basic with

concentrated NH4 OH.

(g) Repeat steps (c) through (e).

(h) The sample may be prepared for radiometric assay by one of two method.s.
If the count rate is not great enough for assay in the 100 channel gamma
ray spectrometer, the Cu 6 4 is plated for beta counting. If the count rate
is high enough, then the CuSCN precipitate is utilized as the final mount.

(1) Filter the CuSCN precipitate onto a previously washed and weighed
Whatman No. 42 filter disk. Wash the precipitate with 10 ml of HZ0
and 10 ml of anhydrous "anhydrolr. Dry in an oven at 1000C for 15
minutes and cool to room temperature in a desiccator; weigh and
record the chemical yield (approximately 70%).

(2) Dissolve the CuSCN precipitate in a minimum of concentrated HNO 3
(HOOD, Note 1), dilute to 15 ml-with H20 and heat with stirring. Add
1N NaOH dropwise until a permanent black precipitate forms, then
add four to five drops in excess. Centrifuge and discard the supernate
Wash the precipitate with 5 nil of 0. OlN NaOH, centrifuge and discard
the wash. Dissolve the CuO precipitate in 10 ml of 1. 5N H2 S0 4 , add
2 drops of freshly boiled HNO 3 and transfer the solution to a plating cell
as described in the analysis of Pu?39 (Chapter 3, of Part I of this
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report). Plate the copper on a weighed disk of platinum foil, 7/8 inch
in diameter, for approximately 3 hours at about 3 volts and 100 milli-
amperes. On competion of plating, wash the disk with H20 and anhydrous
"anhydrol," weigh as copper metal and mount on a brass plhnchet for
beta counting.

Copper-64 Counting Procedure

The radioactive decay of the Cu metal is monitored in a low-level
beta counter. If the half life agrees within + 0. 5 hour with the 12. 8
hour half life of Cu64, the sample is accepted as radiochemically pure.

The CuCNS precipitate is placed in a 10 ml test tube and inserted
in the "well" crystal of the gamma ray spectrometer. The net count-
rate in the 0. 65 Mev photopeak is determined by the area method.

Note 1. CAUTION: Toxic vapors may be envolved.
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Iron-5) Purification Procedure 10

(a) Wash the Fe (OH)3 precipitate from step 18 of the sequential analysis
with 15 ml of 1MINH 4 OH, centrifuge and discard the wash.

(b) Dissolve the Fe(QH)3 precipitate in 15 ml of 10M HNO 3 and 1. 5 ml of
30% H2 0 with thorough mixing. Add 15 ml of freshly prepared 0. 5M
2-thenoyltrifluoroacetone (TTA)- xylene solution and extract the mixture
for 10 minutes utilizing a high speedm6tor stirrer.

(c) Centrifuge for 1 minute and carefully withdraw and discard the aqueous
(lower) phase with a transfer pipette. Wash the sides of the centrifuge
tube with several ml of water, centrifuge for 1 minute and withdraw the
aqueous wash solution.

(d) Transfer the organic phase to a clean 40 ml centrifuge tube, add 15 ml
of 4M HNO 3 -3% H2 02 solution and perfq-rm a one minute scrub utilizing
the motor stirrer. Centrifuge, withdraw and discard the aqueous scrub
solution with a clean transfer pipette.

(e) Wash the sides of the tube with several m] of HZO, centrifuge, withdraw
and discard the wash.

(f) Transfer the organic phase to a 60 ml cylindrical separatory funnel, add
5 ml of concentrated HCI, and mix thoroughly with a mechanical stirrer
until the organic phase is essentially decolorized (about 10 minutes).

(g) Withdraw the aqueous (lower) phase into a 40 ml centrifuge tube and
precipitate Fe(OH) 3 with excess concentrated NH 4 OH. Centrifuge and
discard the supernate.

(h) Transfer the precipitate in small portions, using 1-IzO as transfer agent,
to a 10 ml test tube, centrifuge and discard the sup.ernate. Stopper the
tube and gamma count.

(i) On completion of the radioassay, slurry the precipitate in HO and filter
with Whatman No. 42 filter paper (9 cm) contained in' a Z", 600 funnel.

(j) Place the filter paper and precipitate in a tared porcelain crucible and
heat gently until the paper is completely charred. Heat the crucible in
a muffle furnace at 7000 for 30 minutes, cool in a desiccator and record
the chemical yield as Fe 2 0 3 (approximately 70%).
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Iron- 59 Counting Procedure

* The Fe(Ol{)3 precipitate is counted in the "well" crystal of the
multi channel gamma ray spectrometer. The net counrt-rates in the 1. 10
and 1. 30 Mev photopeaks are determined by the area method



Chromium -51 Purification Procedure 11, 12

(a) Transfer the supernate reserved for Cr 5 1 analysis from step 17 of the
seluential separation, to a 125 ml Erlenmeyer flask and evaporate the
solation to approximately 5 ml.

(b) Add 5 rnl of H2 SO (Note 1) and evaporate the solution to near dryness.
Transfer the soluion to a 40 ml glass centrifuge tube with about 20 ml
of H 2 0 and precipitate Cr(OH)3 by the dropwise addition of 10M KOH
(Note 2). The base is added until one drop in excess starts to dissolve
some of the precipitate. Centrifuge and discard the colorless supernate.
Wash the precipitate with 20 ml of H2 .O, centrifuge and discard the wash.

(c) Dissolve the Cr(OH)3 precipitate in 6-8 drops of concentrated HCI, dilute
to 10 ml with H2 0 and again precipitate Cr(OH) 3 with 10M KOH as in
step (b). Centrifuge and discard the supernate.

(d) Dissolve the Cr(OH)3 precipitate in 6-8 drops of concentrated HCl, dilute
to 10 ml with H2 0 and add 4 drops each of Pd (10 mg Pd/ml) and Cu
(10 rng Cu/ml) carriers.

(e) Heat almost to boiling and bubble H 2 S gas through the solution for 5
minutes. Filter the precipitate with Whatman No. 42 (9" diameter)
filter paper contained in a 2", 600 glass funnel, collecting the filtrate
in a clean 40 ml glass centrifuge tube. Discard the sulfide precipitates.

(f) Precipitate Cr(OH) 3 from the filtrate as in step (b), centrifuge and
discard the supernate. Wash the precipitate with 10 ml of H 2 0, centrifuge
and discard the wash.

(g) Dissolve the precipitate in 6-8 drops of concentrated HNO3 , boil the
solution for several minutes and then dilute to 10 ml with H 2 0.

(h) Add 2 ml of saturated NaBrO 3 and heat for 15 minutes to oxidize all the
Cr + 3 to Cr 2 07 - 2 .

(i) Add 5 mg of Fe carrier, precipitate Fe(OH) 3 with concentrated NH 4 OH,
centrifuge and discard the precipitate.

(j) Acidify the supernate with concentrated HNO 3 , add 5 mg of Fe carrier

and repeat step (i).

(k) Bring the supernate to boiling and add 3-4 ml of saturated Ba(N0 3 ) 2 to
precipitate BaCrO4 . Centrifuge and discard the supernate.
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(1) Wash the precipitate with 30 ml of H 0, add a few drops of aerosol solution,
centrifuge and discard the wash.

(m) Dissolve the BaCrO4 in 0. 5 ml of concentrated HNO 3 and dilute to 10 ml
with HO. Cool to 00 in an ice-salt bath and transfer the solution to a
125 ml separatory fu:nel containing 90-100 ml of cold diethyl ether.

(n) Add 3-4 drops of cold 30% H02 (Note 3) and immediately extract the
blue peroxy compound into the ether (Note 4), Discard the aqueous
(lower) phase,

(o) Wash the ether layer 2 times with 10 ml portions of cold H20 containing
4-6 drops of concentrated HNO 3 . Discard the washings.

(p) Back-extract by shaking the ether with approximately 15 ml of H2 0
containing 1 ml of concentrated NH4 OH. Transfer the aqueous phase to
a centrifuge tube and heat gently in a hot water bath to remove excess
ether.

(q) Add 3-4 ml of saturated Ba(N0 3 )2 solution to precipitate BaCrO4 .
Centrifuge and discard the supernate. Wash the precipitate with 30 ml
of H20, centrifuge and discard the wash.

(r) Dissolve the BaCrO 4 precipitate in 0. 5 ml of concentrated HCl, dilute to
15 rnl with HZ0 and add 1 ml of IM HOAc. Heat to boiling, add 4-8
ml of IM NH 4 OAc, d:. pwise to reprecipitate BaCrO4 , and let the
mixture stand for 5 minutes. Centrifuge and wash the precipitate with
two 20 ml portions of H2 0 containing a few drops of aerosol solution.
Discard the washings.

(s) Filter the precipitate on a tared regular Whatman No. 42 filter disk
using 10 ml of anhydrous "anhydrol" as transfer agent. Dry in an oven
at I10°C for 20 minutes, cool in a desiccator and weigh for chemical
yield (approximately 60%). Place the precipitate in a 10 ml test tube and
gamma count.

Chromium-51 Counting Procedure

The test tube containing the BaCrO4 precipitate is inserted in the "well"
crystal of the 100 channel gamma ray spectrometer. The net count-rate
in the 0. 32 Mev photopeak is determined by the area method.
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Note 1. Upon reduction, the-solution should turn a dark green.

Note 2. Cr(OH)3 precipitates at a pH of 9 to 9. 5 and dissolves in excess KOH.

Note 3. Excess FZO Z will catalyze the decomposition of perchromic acid.

Note 4. The blue perchroinic acid is very unstable decomposing to the green
Cr+3 , Therefore the extractions should be completed as rapidly as
possible.
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Cobalt-60 Purification. Pxa cede. 13

(a) To the supernate from step 13 of the sequential separation, reserved for
cobalt-60 analysis, add 10 mg of Ni carrier and'5 ml 'of 10M KOH. (Note 1).
Boil until the cobalt and nickel hydroxides 'are precipitated. Centrifuge and
discard the supernate. Wash the precipitate with 15 ml. of HZO and discard
the wash.

(b) Dissolve the precipitate in 3 ml of 6M HOAc, heat slightly if necessary.
Dilute to 25 ml with H2 0 and cool to room temperature.

(c) Precipitate K3 Co(NO 2 )6 by adding 6 ml of 3M HOAc saturated with
KNO2 . Allow about 30 minutes for complete precipitation. Centrifuge
and discard the supernate. Wash the precipitate with 30 ml of HzO,
centrifuge and discard the wash.

(d) Dissolve the K 3 Co(NO2 )6 precipitate in 5 ml of concentrated HCi and
boil for several minutes to remove decomposition products. Add 10 mg
of Ni carrier and dilute to 25 ml.

(e) Precipitate Ni and Co hydroxides with 10M KOH.

(f) Dissolve the precipitate in 3 ml of 6M HOAc and repeat steps (b) and
(c).

(g) Dissolve the K3 Co(NO) 6 in 5 ml of concentrated HCI, boil almost to
dryness and add 2 drops of Pd carrier (10 mg Pd/ml) and 4 drops of Cu
carrier (10 mg Cu/ml), Dilute to 20 ml with H2 0 and add INHCl to make
the solution 0. IN.

(h) Heat the solution almost to boiling and bubbl'- H2S gas through the solution
for 5 minutes. Filter the sulfide precipitate with Whatman No. 42
filter paper (9 cm) contained in a 2", 600 glass funnel and collect the
filtrate in a 125 ml Erlenrneyer flask. Discard the sulfide precipitate.

(i) Boil the filtrate almost to dryness (Note 2) to remove excess H2 S, dilute
to 25 ml with H2 0 and transfer the solution to a 40 ml centrifuge tube.
Add 4 drops of Fe carrier (10 mg Fe/ml) and precipitate Fe(OH) 3 by
addition of concentrated NH4 OH, adding about 0. 5 ml of NH 4 OH in excesp
(Note 3). Centrifuge and discard the precipitate.

(j) Acidify the supernate with 6N HCI, add 4 drops of Fe carrier and repeat
the scavenge as in step (i).
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(k) Acidify the supernate with concentrated I-CI, adding 1 nl in excess.
Transfer the solutionto a 125 ml separatory funnel, add 15 g NH 4 SCN
and shake until all of the solid has dissolved. Extract the Co-SCN
complex into 50 ml (1:1) of amyl alcohol-ethyl ether reagent. Discard
the aqueous (lower) phase.

(1) Wash the organic pha.se with two 10 ml portion of NH4 SCN solution,
discarding the washings,

(m) Back extract the Co into 20 ml of HzO to which 6 ml of concentrated
NH 4 OH has been added. Transfer the aqueous phase to a 40 ml centrifuge
tube and discard the organic phase.

(n) Precipitate CoS by bubbling H1S gas through the solution for 2 minutes,
centrifuge and discard the supernate.

(o) Transfer the CoS precipitate with 5-10 ml of HO to a 125 ml Erlenmeyer
flask, add 10 ml of concentrated HNO3 and boil nearly to dryness. (1-2 ml).

(p) Add 3 ml of concentrated H2 S0 4 and heat to SO 3 fumes. Cool, slowly add
5-10 ml of HZO and again cool. Neutralize the solution with concentrated
NI 4 OH and add 1 ml in excess.

(q) Transfer the solution to a plating cell (as described in the analysis of Pu Z 3 9 ,
Chapter 3, of Part I of this report).containing about 2 g of (NH4 )ZS0 4

and electroplate Co on a tared 7/8" diameter Cu disk. Begin plating at
3-4 volts and 0. 10 amps. After the first half hour, increase the current
to 0. 20 amps. and plate for 4-5 hours.

(r) After plating wash the disk with H2 0 and acetone. Dry in a desiccator,
weigh for chemical yield (approximately 60%) and mount on a standard
brass planchet for beta counting.

Cobalt-60 Counting Procedure

The cobalt mount is counted in a low-level beta counter. Radiochemical
purity is determined by counting without an ahsorber and then with an
aluminum absorber of 5. 02 mg/cm' thickness. The ratio of the two count
rates is compared to the ratios obtained by counting absolute standards
under the same conditions. If the sample ratio agrees with the standard
ratio within the prescribed counting statistics, the sample is accepted as
radiochemically pure.
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Nte 1. The purpose of the initial precipitation by means of KOH is to
remove the Co from strong acid solution. For as c'omplete precipi-
tation of K3 Co(NOz)6 as possible, mineral acids and oxidizing agents
must be absent.

Note, 2. The I.S is removed to prevent precipitation of CoS in the Fe(OH)3

scavenging step.

Note 3. If, at the addition of NH4 OH), the green color 6f Co(OH) 2 appears,
add HCl until the color disappears and then proceed with the
Fe(OH) 3 precipitation.
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Zinc-69 Purification Procedure

(a) To an aliquot of the filter paper solution contained in a 40 ml glass

centrifuge tube, add 20 mg of standardized zinc carrier.

(b) Neutralize the solution with 6N NaOH, then add I ml in excess. Add 2
mg of Fe carrier, heat to boiling, coo], centrifuge and decant the supernate
to a clean 40 ml centrifuge tube.

(c) Again add 2 mg of Fe carrier, heat to boiling, cool and filter the mix-
ture on Whatman No. 52 filter paper (9 cm diameter) contained in a
2", 600 glass funnel; collect the filtrate in a clean 40 ml centrifuge tube.

(d) Carefully add 4 ml of 6N HC1 (solution should now be IN in acid), cool in
an ice bath and precipitate ZnHg(SCN) 4 by adding 3 ml of HgCIZ-KSCN
reagent. Cool for 5 minutes with occasional stirring (Note 1).

(e) To the precipitate from step (d), add 1. 5 ml of 6N HNO3 , 3 ml of H20
and carefull, boil the solution over a micro-bur-ner until a clear solution
results; continue boiling for 1 to . minutes to remove all products of
decomposition.

(f) Dilute the solution to 10 ml with H20, place in a hot water bath and saturate
with HS gas for 5 minutes to precipitate HgS. Centrifuge and decant the
supernate to a 40 ml centrifuge tube.

(g) To the clear supernate, add 1 ml of 6N NaOH (Note 2) and 5 mg of Bi
carrier. Heat in a hot water bath and saturate the solution with HS gas
for 5 minutes. Centrifuge and decant the supernate to a clean 40 ml glass
centrifuge tube.

(h) Repeat the Bi 2 S3 scavenge as in step (g). Filter the mixture through
Whatman No. 42 filter paper (9 cm in diameter) contained in a 2", 600
glass funnel, collecting the filtrate in a clean 40 ml centrifuge tube.

(i) Boil the solution over a flame for approximately 2 minutes to remove
excess H2 S gas.

(j) Carefully acidify the solution to I-ZN with concentrated HCI, cool in an
ice bath and precipitate ZnHg(SCN) 4 as in step (d).

(k) Repeat step (e)
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(1) Dilute the solution from step (e) to 10 ml with H20, cool in an ice bath

and precipitate Zn.Hg(SCN) 4 with 3 ml of HgCl 2 -IKSCN reagent.

(m) Filter the precipitate on a tared Whatman No. 42 filter disk using
15-20 nd of "zinc wash solution" as transfer agent, Wash with 10 ml
of anhydrous "anlydrol, " dry in an oven at 1050C for 30 minutes, cool
in a desiccator and weigh for chemical yield (approximately 65%).

Zinc-69 Counting Procedure

The Zn1Ig(SCN) 4 precipitate is placed in a 10 ml test tube and
counted in the "well" crystal of the 100 channel gamma ray spectrometer.

The activity of Zn 6 9 m is determined by the net count-rate in the 0. 44
Mev photopeak obtained by the area method.

Note 1. It may be necessary to scratch the side of the centrifuge tube
to start the formation of the precipitate.

Note 2. The acid concentration should be approximately 0. 3M (,,- pH 0. 7)
after the addition of 6N NaOH. A white precipitate of ZnS may form
but should dissolve with stirring. If the precipitate does not completely
dissolve, add 6N HNO 3 drop by drop, with stirring, until the ZnS
dissolves.
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14,15
Phosphorous-32 Purification Procedure

(a) Pipette an aliquot of the filter paper solution into a clean lusteroid tube.

(b) Add 1 ml of standardized phosphorous carrier (5- mg P/ml) and dilute to
10 ml with H2 0.

(c) Add 4 ml of concentrated HNO3 , 5 ml of ammonium molybdate reagent and
heat for 5 minutes in a water bath (temperature should not exceed 500C).
Centrifuge and discard the supernate.

(d) Wash the precipitate with 5 ml of 3% HNO3 , centrifuge and discard the
wash solution.

(e) lDissolve the yellow precipitate of ammonium phosphomolybdate- in 0. 5 ml
of conc. NH4OH (Note 1), add 10 ml of H2 0, 10 drops of 30% H2 O and stir throughly.

(f) Add 10 mrl of concentrated HC1, 2 ml of Zr carrier (10 mg Zr/ml) and
digest in a hot water bath for 5 minutes. Centrifuge and discard the
supernate.. Wash the precipitate with 5 ml of H2O, centrifuge and discard
the wash.

(g) Dissolve the precipitate in 2 drops (Note 2) of conc. HF, add 10 ml of
HZO, 10 drops of 1N HCI,0. 5 ml Cd carrier (10mg Cd/mi), and a few drops
of aerosol solution.. Heat in a hot water bath for 15 minutes while bubbling
HS gas through the solution.

(h) Filter the mixture containing the sulfide precipitate on Whatman
No. 42 filter paper (9 cm diameter) contained in a two (2") inch, 600 glass
funnc and collect the filtrate in a clean lusteroid tube.

(i) Add 20 mg (or until no more precipitate forms) of La carrier (10 mg
La/ml), centrifuge and transfer the supernate to a clean 40 ml glass
centrifuge tube.

(Q) Add 4 ml of concentrated HNO 3 , 5 ml of atnmonium molybdate reagent,
several drops of aerosol and heat in a water bath for 5 minutes (temperature
should not exceed 500). Centrifuge and discard the supernate.

(Ic) Wash the precipitate with 5 ml of 3% HNO 3 , add a few drops of aerosol,
centrifuge and discard the wash.

(1) Dissolve the ammonium phosphomolybdate precipitate in I ml of concentrated
NH4 0H (Note 3) and add 2 ml of citric acid solution (0. 5 g/ml).
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(m.) Slowly add 10 ml of :magnesia mixture with stirring and concentrated

lit, NI-4 OH (dropwise) until the solution is just alkaline; then follow with an
additional 10 drops of concentrated NH4-H.

(n) Stir for 1 minute after the formation of arnmonium magnesium phosphate
and then add 4 ml of concentrated NH 4 OH; allow the n-dxture to stand for
4 hours with occasional stirring.

(o) Filter the NH4 MgPO4 precipitate on a Whatman No. 42 filter disk using
1:20 NH40H and 15 ml of anhydrous "anhydrol" as transfer agents.

(p) Dry in an oven at 100 0 C for 10 minutes, cool to room temperature in a
desiccator, mount and beta count.

(q) The chemical yield is determined, upon completion of radiometric assay,
by placing the filter paper, pliofilm, and precipitate into a previously
weighed porcelain crucible (with cover) and heat cautiously with a Fisher
burner until the filter paper is charred. Transfer to an electric muffle
furnace and slowly raise the temperature (Note 4) to 1050°C; maintain
this temperature for 1 1/2 hours. Cool in a desiccator, weigh and
record the chemical yield (60-70%) of Mg 2 PzO 7 .

Phosphorous-32 Counting, Procedure

The MgNH4 PO 4 mount is cc;unted in a low-level beta counter with
an aluminum absorber of 71. 58 Mg/cm thickness in order to eliminate
any p 3 3 activity.

The sample is counted at three day inervals until a representative
straight line can be drawn through a semi-logarithmic plot of the data.
if the empirically determined half life is 14. 3 4- 0. 7 days, the sample is
radiochernically pure.

Note 1. If a white or brownish precipitate remains after the yellow precipitate
has dissolved, centrifuge and dec4nt the supernate into a clean
lusteroid tube; discard the precipitate.

Note 2. If the precipitate does not completely dissolve, add 1 extra drop of HI.
CAUTION: excess HF will retard the precipitation of NHI4 PM0 4 .

Note 3. Same asnote 1 except decant the supernate into a clean 40 ml glass
centrifuge tube.

Note 4. All carbon should be burned off before 900 0 C.
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Results of the Neutron Activation of Filter Papers

The results of the neutron activation of filter papers are suiimarized

in Table 3. 3. The data represent the quantities of the elements measured in

each filter paper sample. The samples are corrected for portions of paper

removed prior to ashing. Dotted lines indicate ithat the sample was lost during

analysis. The concentrations of the various elements in stratospheric air as

determined by neutron activation will be presented and discussed in Chapters

4 and 5 following.
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Table 3. 3. Results of Neutron Activation of Filter PEa!a

Filter No. Sample Irradiation NI (Sm) Mn (gin) Cu (gn) Zn (gin)
Number

"Mylar" Blank 2 None 4. 81 x 10-8 6.93 x 10
-7

Minot North

11 3595 rxposed Outbound 3 4.91 x 10- 5  
1.20 x 10

-5  
1.72 x 10,

5  
6.79 x 10-9

113596 Exposed Inbound 4 5.54 x 10
-5  7.65 x 10"

6  1. 72 x 10
- 5  2.98 x 10

=5

113597 Unexposed 4 1. 59 x 10
-5  6.96 x 10'

6  1. 16 x 10
- 5  3. 12 x 10

-5

113598 Unexposed 3 --- 5. 73 x 10-6 1. 28 x l0's 2. 85 x 10
-5

II 3599 Unexposed

I 3600 Unexposed 2 1.00x 10
- 

* 2,86 x 10
=6
** --- 2. 50x 10

-5

Minot South

FD-217 Exposed Outbound 3 2.46 x 10
-4  

8.36 x 10
-6  

2. 51 x 10-
5  

6.61 x 10
-5

rD-Z!8 Exposed Inbound 4 4.09 x 10
-5  

5.73 x I0-6 6. 69 x 10-6 2. 19 x 10-
5

FD-219 Unexposed 4 3.67 x 10-
5  6.29 x 10-6 --- 2.85 x 10

- 5

FD-220 Unexposed 3 1.55 x 10
. 5  

6.45 x 10-6 2.08 x 10-
5  

3,82 x 10-
5

FD-221 Unexposed 2 7.5? x 10-6 5.70 x 10
-6  1. 99 x 10.5  1.89 x 10

.5

FD-2z2 Unexposed 2 1.03 x 10
-5  

7.42 x 10-6 2, 74 x 10-
5  

2.43 x 10
- 5

" Questionable half life
** Low chemical yield

Filter No. P (gr!) Cr (gin) Fe (grn) Ca (grn) Co (gm)

Mylar "Blank" 4,41 x 10
-7  

None None 1,70 x 10
-5  

6.03 x 10
-9

113595 1. lxl 10"3  2. 6 9 x 10- 5  6. 79 x 10-
4  5. 66 x 10 - 3  7,32 x 10- 7

11 3596 4,08 x lo-
5  8,78 x I

6  4.15 x 10
- 4  2. 55 x 10 - 3  

2.66 x 10 "7

lI 3597 4.30 x )9
-5  7.67 x 1U'

6  3.61 x 10
-4  2.60 x 10- 3  

2.18 x 10
-7

II 3598 8. 52 x 10-
5  

1. 19 x 1o-5 1. 19 x 10
-5  

3. 57 x 10
"3  2. 56 x I0

7

II 3599

11 3600 1.14 x 10 '1 1. 2z X .0
-5  3.40 x 10"

4  2.00 x 10- 3  
1. 95 x 10-

7

FD-217 9. 11 x 10-
4  1.08 x 10"

q  
5. 59 x 10

-4  
4. 38 x 10

- 3  
7. 16 x 10

-7

FD-218 4.46 x l0
"
4 4, 18 x 10

"6  
2.20 x l0- 4  

Z.39 x 10-3  1.99 x l0 7

FD-219 3.81 x I0
-4  

6.32 x 10
-6  

3.21 x 10
-4  

2.25 x 10-
3  

3.46 x 10
-7

FD-220 8.01 x 10
-4  

--- 3,09 x 10-4  2.80 x 10- 3  
3,38 x 10-

7

FD-?.21 7.78 x 10-4  1.63 x 10
"5  

4.42 x 10
-4  

1.96 x 10-
3  

1.60 x 10-7

FD-Z22 8.61 x 10-
4  

1. 17 x 10
-5  1.69x 10

-4  Z.48 0 x 10
- 7
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LIST OF REAGENTS

(1) Comiparator Stanidards

(a) Nickel .(Nick(-l Shot), 10 nag Ni/mi
(b) Manganese .(Manganese Metal), 0. 10 mag Mn/mi
(c) Capper (Coppe,. Wire), 0. ItOxng. Cu/rri
1d) Zinc (Zinc Metal), 20 mg'Zn/nii
(e) Chrom-ium (Cr(N0 3 )3 9.H2 O), 1 mag Cr/mi
(f) Calcium (Ca(N0 3 )2. 4H20), 10 ng Cafml
(g) Iron (Iron Wi re), 10 zng Fe/mi
(h) Phosphorous [(NH4 )2HPo4J1 , 5 mg P/mi
(i) Cobalt (Cobalt Metal), 10 mg Co/1 n1

(2) Carriers

(a) Nickel (Ni(N0 3 ) - 6H1 0), 20 mg Ni/mi
(b) Manganese (Mn~1z.4Z2O), 20 mag Mn/mi
(c) Copper (CuCl2. Z20~), 20 mng Cu/mi, 10 mg Cu/mi
(d) Zinc (Zinc Metal), Z0 mg Zn/mi
(e) Chromium (Na-CrO4), 10 mag Cr/mi
(f) Phosphorous L(NH-4)2ZHPO4] , 5 mg P/mi
(g) Calcium (Ca(N0 3 )2 -41-12),' 20 nag Ca/mi
(h) Iron (FeCi 3. 611Z0), 20 mag Fe/mi, 10 mag Fe/mi
(i) Cobalt (Co(N0 3 )2 - 6H2.0), ZO nag Co/mi
(j) Zirconium (Zr0C12. 8H20), 10 mag Zr/ml
(k) Cadm~ium (Cd(NO3 )2- 4I-IZO), 10 mag Cd/ml
(1) Lanthanum (La(N0 3 ) 3. 6HZ1O), 10 nag La/mi

(mn) Bismnuth (Bi(N0 3 )3. 5H20~), 10 rng Bi/mi
(n) Barium (BaC12. 21120), 2 mg Ba/mi
(o) Strontium (SrCIZ. 61120), 2 nag S~r/m1
(p) Palladium (PdC12.), 10 mag Pd/mi

(3) Potassium Nitrite (1KN0 2 )
(4) Sodium Bromate (NaBrO 3 , Saturated, IN)
(5) Saturated Ammoniuma Carbonate NI- 4 )zC0 3]
(6) "Murexide" Tablet, Acid Ammnonittm Purpurate
(7) Disodium Ethylenediamine Tetraacetate, (7. 556 EDTA)
(8) Calcium Wash Solution (101 Citric Acid, 0. 750/ EDTA)
(9) Amnmonium Oxalate ((NH4 )2 C?0 4 , Saturated)

(10) Sodium Citrate (107o solution)
(11) Dime thyiglyoxiime (116 alcchoic solution)
(12) Chloroform (CHC13 )
(13) Ammonium Sulfate ((NH-4 )2S0 4 )
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(14) SodiumBisu-Ifite. (IN NAHSO 3 )
(15) Spdiurn.. Carbonate (Na2 CO 3 )
(16) Sodium Bismuthate (NaBiO3 )
(17) -Ozalic Acid (s atur ate d (COOH) 2 Z H2 0)
(18) Potassium Carbonate (KzC03)
(.19) Potassium Thiocyanate (KCNS, . saturated)
(20) Hydrogen Pe:obxide (HZO, 30%, 3%)
(21) 2-Thenolytrifluoroacetone (0. 5M in xylene)
(M2) Sulfurous Acid.(H 2 S0 3 )
(Z3) Barium Nitrate (saturated Ba(NO3 12 )
(24) Diethyl Ether
(25) Ammonium Acetate (IM NH4 C2 H30z)
(26) Ammonium Thiocyanate (solid) (1 g NH 4 SCN/2 ml of H2 0
(27) Amyl Alcohol-Diethyl Ether Reagent (1:1)
(28) HgCl 2 -KSCN Reagent (39 g of Potassium Thiocyanate in ZOO ml HZO.

Stir in 27 g of Mercuric Chloride while diluting to one liter)
(Z9) Zinc Wash Solution (ZO ml of KSCN-HgCl2 Reagent/1000 ml of H2O)
(30) Ammonium Molybdate Reagent (ZOO g (NH 4 )6 Mo 7 0 2 4 . 4H2O,

800 ml H 20 and 160 ml concentrated NH4 OH)
(31) Citric Acid (0. 5 g/ml)
(32) Magnesia Mixture (50 g MgC12 " 6HZ0, 100 g NH 4 CI, 3-5 drops of HCI and

500 ml of H2 0
(33) HZS Gas
(34) "Aerosol" Solution (1%, a wetting agent)
( ' Anhydrous "Anhydrol" (commercial product of denatured 951 ethyl

alcohol available from C. P. Commercial Solvents, Inc. , Newark, N. J.)
(36) Cation Exchange Resin (Dowex-50, 100-200 mesh)
(37) Anion Exchange Resin (Dowex-l, 100-200 mesh)
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CHAPTER 4

ANALYTICAL RESULTS

In the two preceding chapters, descriptions were given of the methods

by which the various particle studies were performed. This chapter will present

the results of the studies. It will also explain the physical and mathematical

bases upon which the calculations-of results from unrefined data rest. In particular,

a brief discussion of the application of theory of impaction of particles is given

in order to permit the reader to follow the somewhat devious- path from raw data

to refined "results. " The chapter consists of two main sections. One section

concerns the study of filter collection efficiency as determined by autoradiography

of microomed sections of the filter paper. The other section concerns the

physical and chemical properties of stratospheric particles as determined in the

filter paper study, the neutron activation study, and the study of impacted particles

by electron diffraction and electron microscopy.

PENETRATION OF FILTER PAPER BY PARTICLES

Evaluation of the survey autoradiograms of microtomed sections of

portions of several filter paper samples provided a method for determining the

Oistribution of radioactivity with depth in the filtcrs. Autoradiograms of both

parallel and normal sections (described in Chapter 2) were evaluated. The

descriptions of the methods of evaluation and the results are given below.
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Parallel Sections

The autoradiographic images produced by the thin sections containing

portions of fiber matrix were too complex to be evaluated by usual densitometry

methods. The images chosen for evaluation Were produced by portions of filters

for which the initial survey autoradiograms (of quadrants or larger piece.)

indicated that the radioactivity was relatively uniformly distributed (i. e. , no

"hot spots" were observed in these small areas. However, the individual Oections

gave small "hot spots" which served to complicate the problem of densitornetry.)

The survey autoradiogram of the plate containing the sections in serial array

was re-registered over the plate and the combination was illuminated from

behind with polarized light. Thc individual sections plus superimposed auto-

radiograms were viewed with 6X eye magnifier with a polarizing filter. Viewing

with "crossed" polarizers made the fibers more apparent, thus readily permitt.ing

determination of the sections which contained fibers. This determination was

necessary since the microtoming procedures were such that the first and last

sections obtained from the plastic pellet came respectively from in front of and

from behind the embedded filter paper. h"e entire matrix of the embedded

filter paper usually was contained in about 100 sections of 10 microns thickness.

A typical set of sections with corresponding autoradiograms is shown in Figure

4. 1.

A set of autoradingraphic images for which the beta activities of the

corresponding sections had been measured served as standards for comparison

with the images of the sections whose activities were to be determined. The

determination consisted in assigning to each image a radioactivity weight factor
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of an integer from zero to ten. Though thio is a somewhat subjective procedure,

w it is&felt that the result.-hould have a respectable degree of consistency since

all of the evaluation was performed by one person. Furthermore, it is the

relative distribution of activity within each set of sections which constitutes the

result.

Figure 4. 2 shows the results of the autoradiographic determinations on

ten different -samples of the relative distributions -of radioactivity with depth in

the filter. The ordinates of the curves are cumulative percent of total activity

measured and the abscissae are percent of depth of filter paper based on the

number of sections containing fibers. This number varied between 60 and 120.

The curves of Figure 4. 2 clearly show that none of the measurable activity had

penetrated more than 90% of the thickness of the filter papers. In Figure 4. Z-a

data points from all ten samples are plotted. Figure 4. 2 b shows the average of

eight samples. The other two samples (299, 535) contained some "hot spots"

which caused the distributions to have steeper slopes, as shown in Figure 4.2 c.

The sample numbers are listed in Figure 4. 2 a along with the exposure time

for the autoradiography.

The fact that sections from the backs of the filters representing about

10% of the thickness did not produce autoradiographic images does not mean

that there was no activity present in them. The X-ray film used has a detection

threshold for 0. 7 Mev beta particles of about 106 per square centimeter. Using

this fact and the measured total beta activities of the filters it is calculated that

about 1. 51/Q of the total activity in a filter could be present in the rear 10% of the

filter without being detected by the techniques employed in this study.
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Normal Sections

Survey autoradiogra-r.s produced from nor-mal..cections-(cut perpendicular"

to the plane of the filter face), taken from filter .tripe which had produced high

density spot images in the original survey autoradiograms, were evaluated for

eight stratospheric filter samples and three blank filter papers as follows:

1, The radiograms were viewed separately on a light box and all dense
spot images were circled with crayon.

2. The radiogram was superimposed on and in registration with the
corresponding plate of thin sections.

3. The combination was placed on the viewing box and each marked image

with its section was observed with the 6 x magnifier - analyzer.

4. The location of each high density image relative to the filter face was
estimated and assigned to one of four class intervals, each of which
corresponded to depth incre-ments of 1/4 of the filter thickness.

The survey covered 2, 724 thin sections from eight different filters.

The distribution of 126 dense spot images is given below in Table.4. 1 and in

Figure 4. 3. Figure 4. 3 is a histogram of the number of autoradiographic dense

spot images as a tunction of depth, in terms of fraction of the filter thickness,

t.

Table 4. 1

Distribution of Dense Spot Im-ages in 8 Filters

Location No. of Dense Spot Images
Depth in Filter Observed

1st Quarter 83

2nd Quarter 30

3rd Quarter 'I

4th Quarter 2
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The sample numbers are also listed in Figure.4. 3. A typical normal section and

cor:esponding autoradiogran are shown in Figure 4. 4i

An additional qualitative result concerning the. compaction of fibere in

the filter mat during exposure in the stratosphbre was obtained -as a by-product

of the examination of normal sections. The significance of compaction is

discussed in Chapter 3 of Part I of this report. It was observed in.-m any of the

normal sections that the fiber packing (number of fibers/unit length) increased

with depth in the filter paper. This effect was not discernible inricrotomed

sections of unexposed (blank) filter paper. The effect was sometime la.rge e-nough

to result in a factor of two increase in the fiber packing. Not all sections displayed

this effect, but each sample gave some sectiong that did.

PHYSICAL AND CHEMICAL PROPERTIES OF STRATOSPHERIC AEROSOLS

The physical properties of stratospheric particles were determined

primarily from the microscopic and electron microscopic studies performed on

samples collected by the impaction probes. The studies of particles in filter

papers by autoradiography and microscopy yielded some qualitative results of

the relationship between particle size and radioactivity. The chemical composition

of impacted particles was elucidated by electron diffraction. The neutron

activation analyses of filter papers served to shed some light on the concentrations

of materials which might be expected to comprise portions of extraterrestrial

material (or, indeed, terrestria] material) in the stratosphere.
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Chemical Composition

a. Neutron Activation

The results of the neutron actilvation analyses are presented in Table

4. Z. This table lists the amounts (in gram*) of each-element determined, in- th

v&itous expos ed filters and blank filters. Also included in Table 4. Z are average

Values of:the amounts of each element found in the blanks.' For the northerly

flight the blank and sample filters came from the same production batch of flter

paper. Thelfilters for the southerly flight also all came from a single batch, but

not the same one as for the northerly flight. For this reason, the average bla,.k

bontents of each element are listed for each se"t of blank filters.

Table 4. 3 lists the net amounts of each element in the- samples. These

quantities were determined by subtracting the average "blank values" from the total

amounts in each sample. In the cases where the total quantity measured was equal

to or less than any individual blank value, the net amount listed, as less than or

equal to value, represented the limit of detection (based on constancy of blank

values). The discussion of these results is presented in Chapter 5, but it is

emphasized here that there is a distinct possibility that the sample-s from both

outbound flights (Numbers 3959 and FD-217) could have been contaminated by

terrestrial material prior to take-off of the sampling aircraft.

b. Electron Diffraction

Selected area electron diffraction patterns obtained from the impaction

probe samples were analyzed at Ernest F. Fullam, Inc. The distances from the

center of the ring patterns (see Figure 4.'5) are related to the "d - spacings," or

distance between lattice planes of the crystal sample. Analysis of the patterns
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gives the interplanar spacings of the sample material, which are then compared
with values listed in the X-ray Powder Data File publiehed by the American Society

for Testing Materials. The matching of measured upacings with those for a known

material can constitute a determination of the. composition of the -&ample material

where the accuracy of measurement of the diffraction pattern is sufficient to

provide a unique correspondence.

The electron diffraction patterns produced by the particles- which consti-

tuted the overwhelming majority of the particles collected by the probe samplers

corresponded uniquely to those of ammoniun sulfate, (NH4 )2 SO4 , and ammonium

persulfate, (NH4) 2 S2 0 8 . The lattice constants which are related to d-spacings,

of these materials are given in Table 4. 4 below.

Table 4, 4

Lattice Constants of Ammonium Sulfate and Ammonium Persulfate*

Material Lattice Constants (In AngstronaUnitd
a b c

(NH 4 )2 SO 4  5.951 10. 560 7. 729

(NH4 )2 S 2 0 8  7.83 8.04 6. 13

Figure 4. 5 shows an electron diffraction pattern which was produced by

ammonium persulfate particles, Figure 4. 6 is an electron micrograph of particles

such as those which gave the diffraction pattern shown in Figure 4. 5. The electron

micrograph shown in Figure 4. 7 contains particles identified as ammonium sulfate

by means of electron diffraction. Comparison of the particles shown in Figure

4. 6 and 4. 7 indicates that the sulfate- and persulfate particles cannot usually be

* Taken from "Handbook of Chemistry and Physics," Chemical Rubber Publishing
Co. (Cleveland, Ohio).
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Iuniquely identified on a morphological basis. However, -a few- cases where electronI diffraction indicated a composition of ammonium sulfate, some particles were

1 found which displ ayed distinctly crystalline form where measurements of the

angles confirmed the identification. Such particles are shown at the top of Figure

4. 8. Other particles shown in the electron micrograph are similar to those more

frequently encountered.

The collected particles were found to be hygroscopic, and the hygros-

copicity of ammonium sulfate and ammonium persulfate particles have been

confirmed in laboratory studies conducted by Junge and Manson 7 . They have

firmly established the fact that the stratospheric particles are hygroscopic.

However, evidence from the elect.ron micrographs of the particles collected in

HASP also confirms their hygroscopicity. The evidence will be discussed in

another portion of this chapter.

Of seventeen samples from which electron diffraction data were obtained,

three were identified as ammonium persulfate, thirteen as ammonium sulfate,

and one contained some of both types. The three samples which contained per-

sulfate only were collected between 16 North and 16 South latitudes. The one

sample containing both sulfate and persulfate was collected between 27 * and 48 6

North latitude. The samples containing sulfate were collected from latitudes

ranging from equatorial to polar.

It is emphasized here that the vast majority of particles collected were

of the sulfate and pirsttlfate Lype. The following section of this chapter, which

deals with particle classification, presents more detail concerning the various

types of particles encountered. Also, in Table 4. 6, the compositions of the
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samples as determined by electron diffraction are given.

Particle Cla~sification

The particles collected by impaction were cla-si-fied according-to radius

and type (sulfate, persulfate and other). However, before presenting the results,

a brief discussion of the methods used in treating the data is given.

a. Impaction of Particles

In a paper by Ranz and Wong 2 , which has become the standard reference

in the subject of inertial impaction of particles, theoretical studies of the effi-

ciencies of collection by impaction of particles from aerosol jets onto various

types of surfaces were presented. The theoretical studies were for the most

part verified by experiment for the cases of impaction from round and rectangular

jets upon a flat surface and from tinfinite" jets upon cylindrical and spherical

surfaces. The results of the studies by Ranz and Wong show that the process of

inertial deposition of particles from jets can be characterized by an impaction

parameter, 'V , defined as follows:

CPp Vo D 2

C P 0 D (4.1)

18 p D c

where C Cunningham correction factor for gas resistance experienced by
small particles,

C i + ( 1) [1.23 +0.41 exp (-0. 4 4 DP)] (4.2)

for 0. 1 <-lj- < 134,
p
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I

mean free path of gas molecules,

Dp diameter of particle,
p

D C  = diameter of collector (or width of jet),

Spp =density of particulate material,

I = coefficient of viscosity of gaseous medium,

and V o  = velocity of free aerosol stream relative to collector.

A given case (type of jet plus type of collector)in characterizedbya single curve

of efficiency, 7).,ver sus 4/1 The efficiency is. defined as the ratio of the number

of particles of diameter Dp deposited on the collection.surface to the number of

particles with the same diameter existing in the volume of aerosol. &wept out by

the collection surface. For a cylindrical collector exposed to an infinite aerosbl

stream the curve shown in Figure 4. 9 suffices to describe the result of any situation

for any permissible set of values of , Dp, PD, pa, and V o. (Remember

that 0. 1 < W < 134.) The shape of the curve was mainly determined by experi-

ment except for the region near the minimum value of./' for finite efficiency,

3which was taken from the theoretical curve of Langmuir and Blodgett . For values

of -1k less than the minimum for finite 7 , mechanisms other than impaction

prevail.

For the purposes of evaluating the raw data, in the form of particle size-

frequency distributions, from the electron micrographs of the probe samples, we

have assumed that the efficiencies of impaction were those for a cylinder. Thus,

the curve shown in Figure 4. 9 is the basis of the calculations of particle size

distributions in the stratosphere.
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The quantities needed to calculate the impaction parameter, 'V were

obtained from the observed particle size-frequency distribution (Dp), the probe

dimensions (Dc), the altitude of collection and air temperature ( X , ii), the air-

craft velocit. (VoI , and and assumed value for the density of the particulate

material ( Pp).

For particles whose diameters are of the order of the mean free path,

and for a given velocity, Vo, the altitude of collection will have the largest effect

on efficiency with which the particles are collected. The higher the altitude, the

greater is the mean free path of air molecules, X , the greater is the Cunningham

correction factor, C, and thus the greater is the impaction parameter. The

viscosity of air, p, is a slowly, varying function of temperature (-,-, T 1/2) and

* the temperature of the stratosphere does not vary greatly with altitude and time.

Therefore, the effect of temperature on the collection efficiency is small compared

with that of altitude for stratospheric collections of particles where D .

Table 4.5 lists the values of v/ and probe collection efficiencies, q , for

various particle radii at various altitudes and two different temperatures for the

following conditionst

D c = 1.50 cm,

= 1.422 x 10 - 4 poise (T = 216.66°K, ARDC Model Atmosphere)
and 1.36 x 10- 4 poise (T = 205°K),

X = value from ARDC Model Atmosphere for T 2 16.66°K,

{>)T=205 = (T=216.66 (20. 66)

Vo = 415 knots = 2. 13 x 104 cm/sec.,

Pp = 2 grams/cm
3 .

85



The table illustrates the draoatic effect of altitude upon the collection efficiencies

of particles with radii less than one micron. For radii equal to or greater than

one micron the effect of altitude becomes considerably smaller and the effect of

temperature becomes larger in comparison to that of altitude.

In general the conditions listed above for the computation of Table 4. 5

were those which actually- pertained or were assumed to pertain to .the collection

of the probe samples in HASP. Corre tions and interpolations were made when

altitude, temperature, and velocity differed significantly from those listed in the

table.

b. Calculation of Particle Size-Frequency. Distribution

Upon examination of the electron micrographs of the probe samples it

became evident that there were several complications which had to be overcome

before the actual particle size-concentration distribution of the stratospheric

aerosol could be estimated.

The first complication was that the deposition of particles was not uniform

over the collection surface in the probe. The particles were deposited in one or

sometimes two bands which extended across the sampling surface, parallel to

its small dimension, as shown in Figure 4. i0. This effect is attributed to the

cut of the window in the probe and possibly to a slight deviation of the sampling

surface from an orientation normal to the direction of flight.

The presence of the band(s) of particles on the sampling surface did

serve, however, to prove that a bona fide collection had been accomplished. If,

for instance contaminating tropospheric particles had been present, they would

have deposited more or less at random over the surface of the sample, and thuis
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readily have been detected. Two separate sample blanks, which wer-e obtained by

exposure of a surface prepared in the normal manner to stratospheric air for two

minutes, were sent to Ernest F. Fullam, Inc. as regular samples. In each case

a very sparse collection of particles of the sulfate type was obtained. There was

no evidence of contamination of the samples due to the handling and operation of

the probe in the field,

The problems then arose as to how to obtain representative electron

micrographs of the sample, how to relate the area of the sample examined to the

entire sample, and how to take into account the fact that particles of different

size may behave differently with respect to their deposition in the band of high

population. The manner in which these problems were met is described in the

following paragraphs.

Scanning of the samples in the elect ron microscope revealed that the

zone of maximum deposit contained almost all of the particles whose diameters were

smaller than one micron and that these particles were almost entirely of the

sulfate and persulfate type, The particles with diameter greater than one micron

were found to be far fewer in number than the maller particles and seemed to

show no propensity to deposit on a perferred region of the sampling surface.

The scheme of removing four 118 inch discs from the sample (see Figure 2. 6)

was devised to provide representative sampling of the deposit of particles.

The position of the zone of heavy deposit was determined by examination of the

scrap of screen left after removal of the discs. A map of the zone was made

for each sample. Usually the mid-point of the zone fell close to the region

between the a and b discs (the discs nearer the inboard end of the sample).
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Sometime it was near the center of the a disc. At any rate thema-p provided a

basis for assigning relative weights to the particle counts from the a and b discs.

The following assumptions were made to permit calculation of the particle

size-frequency distribution of the sample (uncorrected for impaction efficiency).

1. All particles with diameters less than one micron were deposited

within the zone of maximum population but they would have been deposited

uniformly over the sample area were it not for the aerodynamic effect due to the

cut of the window in the probe.

2. All particles with diameters equal to or greater than one micron were

deposited "uniformly" over the sample area. (Actually, the number of such

particles deposited on the entire sample was usually small, so that it could

hardly be said that the deposit was uniform. A more accurate statement of the

assumption is that the particles (D p> 1 micron) are not preferentially deposited

at any particular location within the sample area. )

Note: If we assume that the layer of air between the sample and the
outside surface of the probe is stagnant except for slow eddies which
cause the small particles to deposit in a band, then we can estimate
the diameter of the particle which would just come to zero velocity
at the sampling surface under typical sampling conditions. The
maximum thickness of this stagnant layer is 0. 635 cm. The distance

travelled by a particle in stagnant air with initial velocity Vo and
final velocity zero is given by

D2
Cp V Dp

L =

18Pu

where the quantities are as previously defined. At an altitude of 20 km
with

V o  415 knots = 2. 13 x 104 cm/sec,
Pp =2 g/cm 3

11 = 1. 422 x 10 - 4 poise,

we find that for one micron diameter particles
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3.71 x 10- 8 x 2 x 2. 13 x 104
L - 0. 617 cm,

Olt ... 18 x 1. 422 x 10-4

This is very close to the 0. 635 cm. thickness of the wtagnant layer, Thus
the notion of a relatively stagnant layer with slow eddy motion and the
observation of the segregation on the sampling surface of particles
according to size seem compatible.

Typically, all of the electron micrographs of the a and b screens of a

single sample covered an area of 4. 5 x I0- 3 mm 2 while an area of 3. 14 mm2 was

scanned to obtain those of the c and d positions. When all of the observed particles

had been classified according to radius , the fraction of the sample area occupied

by the zone of high population was estimated from the maps. This was obviously

a rather crude method. However, the fraction of the area occupied by the zone

appeared to be relatively constant between 0.2 and 0.25. Determination of the

size-frequency distribution by application of one of the two fractions was accom-

plished in the following manner.

1. The area, Al, occupied by the particles counted in the a and b
screens was divided by the fraction, R 1 , of the area occupied

by the zone. (R I = 0.2 or 0.25).

2. The number of particles of a given class,.nil , counted in the a and b

screens was divided by the area AI/.R1 to give the observed frequency
per unit area, vi 1. Thus

niI R 1nil - (i refers to the particle class) (4.3)
A 1

3. The area, A 2 , occupied by the particles counted in the c and d

screens was reduced by a factor R 2 such that

A;/R A2/R 2  (4.4)

4. The observed frequency per unit area of particles of a given

class counted in the c and d screens was determined by

ni 2  (4,5)
R 2 A 2
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where subscript 2 refers to c and d screens.

5. The net distribution was then computed by

v i = l +  2( 4 . 6 )

where vi is the number of particled in the ith class per unit area
of the sample. (In most cases where the ith class contained
particles with diameters < 1 micron

and when it contained particles with diameters > I micron

the contribution from the dther term being negligible in each case.)

The particles were classified according to radius. The classes were chosen

so that A (logr) = constant: i.e. , the intervals of radius were such that ri

constant where the interval (ri, ri+l) contains all particles of the (i+l)th class.

For the samples evaltwded here A (logr) = 0. 2. Thus for particles with the

range of radius 0.1 p <r < 10 p there were ten classes, Table 4,6 on pp 101-109

is a compilation of all of the pertinent data concerning the collection of each

sample, the composition as determined by electron diffraction, and the particle-

size frequency distributions. The tabulated radii are those corresponding to the

means of the logarithms of the radii defining the class intervals. The nor -

malized area is that corresponding to AliR1 as described above. The observed

frequencies, vI, are the number of particles of the ith class found (calcalated

to be) in the normalized area. The column headed "fobs x 105 is timesVolis1tie

P i divided by the normalized volume, which is the normalized area times the

length of flight path. The quantity fobs is designated as 71 and has the

units cm-
3
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c. Calculation of Particle Size-Concentration Distributions

The column headed l/7 in Table 4. 6 is the reciprocal of the estimated

collection efficiency of a particle with the corresponding radius and a density of

2 gm/<:M 3 . The quantity N is merely the product -i() which is the number of

particles per cubic centimeter of free air. Thus the column headed by N is the

particle radius -concentration distribution. The volume concentration, 7, is

,A.tained by multiplying N by 4/37Tr 3 . It has units ofu 3 /cm3 and represents the

volume of particles of the ith class per cm 3 of free air. Summation of the columns

of N and V gives, respectively, the number concentrations and volume concentra-

tions of the aerosol.

The collection efficiencies listed in Table 4. 6 were obtained by a some-

what arbitrary procedure based on the impaction efficiencies calculated by the

method of Ranz and Wong 2 as given previously. The problem arose from the

observation of many particles collected with diameters smaller that those which

should have zero impaction efficiency. (Compare Table 4. 6 with Table 4. 5. )

Also, in this connection, several of the samples appear to have been affected to

various degrees by condensation of water. The evidence of condensation is

shown in Figure 4. 11 where it is seen that each larger particle is surrounded

by a "halo" of smaller particles. This appears to have been the result of the

following process:

I. During collection of particles in the stratosphere the probe had

reached thermal equilibrium with its (cold) environment.

Z. After collection when the aircraft descended into the warmer
and moister troposphere, though the probe was closed, water

* vapor diffused through the space between the cylindrical wall
and the piston and thence to the sample area.
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3. The particles of ammonium sulfate or persulfate, being of hygro-
scopic nature and not having warmed to the temperature of the
tropospheric environment, became sites of condensation for the
water vapor.

4. The condensed water formed droplets containing the particles, and
the particles were partially dissolted in the droplets.

5. At some time after the condensation occurred, the-environment

became warmer and less humid, the water evaporated, and in
so doing, left behind the portions of the original particles which
had not dissolved in the roplets plus a residue of material which
had been dissolved in the droplets. This residue surrounded each
original particle in the form of a halo of very small particles.

It is obvious then, that this condensation-evaporation process could have

created many particles which were smaller than the size required for finite

impaction efficiencies. In counting and classifying particles from electron

micrographs, all of the halo particles were ignored and the central particle or

particles were classified when it was apparent that condensation had occurred.

No account was taken of the reduction in radius of the central particles as a result

of the dissolution process. In the worst cases, the net effect on the "observed"

size-frequency distribution of condensation-evaporation and the method of

classification was to cause an excess of small particles and a deficiency of larger

particles. This effect must be borne in mind in interpreting any of the data

presented here.

An additional complication due to condensation of water upon the particles

was that they became flattened as the condensed droplet spread over the supporting

Formvar substrate. The flattening was pronounced only in those samples where

condensation was quite severe. The manner in which this effect was taken into

account is described below.
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It was noted that the electron optical dens-ities of particles with radii

between about 0. 2 p and 0, 6 p were all about equal. This ledt.o, the suspicion

that the effect of the spreading of the droplets was to leave particles which had

the same thickness regardless of original diameter (except for particles with

radii less than 0.2 )). To confirm this suspicion, a few samples were shadow

cast with palladium in order that the thickness of the particles could be measured.

The results are shown in Figure 4. 12 where the shadows were cast at an angle of

10*. Measurements of the distance between the shadow apex and the particle

center revealed that many of the particles indeed had thicknesses of about 0. 2

though their radii ranged from 0. 2 p to 0. 5 p. It was thus felt that, in the cases

of severe condensation, the assumption that all particles of the sulfate (and

persulfate) type with radii greater than 0.2 F had thicknesses of 0.2 p was justified.

The volurne of particles in each radius class was computed by

V. 02 2 3) (4.7)

and this was placed equal to the volume of the (assumed) original spherical

particle. Thus

0.27r rz. 4/37r r 3  (4.8)01 13

In these two equations roi is the geometric mean radius of flat particles in class

i (class intervals for roi are determined as previously explained) and rlj is the

geometric mean radius of equivalent spherical particles of class j. The radius

interval to which r1j is referred is now smaller than that to which roi is referred

as a consequence of equation 4. 8. Sample number W- 16 in Table 4. 6 is an

example of the type of classification which results from the above treatment.
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Though the assumption of particles of equal thickness may be rather crude,

B it will be seen (Table 4.7) that when the corrected distributions are re-expressed

in terms of the original class intervals (by a, graphical process), the results appear

consistent with the other samples.

7- We now return to our consideration of the method employed for determining

the factor 1/7} in Table 4. 6. The samples were divided into four categories:

I. seven samples whose mean collection altitudes were near 65, 000
feet: sample numbers W-7, W-8, W-10, W-12. W-14, W-16, and
W-17.

2. two samples collected at mean altitudes near 67, 000 feet: W-3 and
W- 13,

3. seven samples collected at mean altitudes below 65, 000 feet: W- 1,
W-2, W-5, W-6, W-7, W-ll. and W-15,

4. all other samples not listed in the above categories. The particles
in these samples could not be classified because of excess conden-
sation or contamination from tropospheric sources.

For the seven samples listed in (I) above the spatial average of the "observed"

particle size - concentration distribution, -Vi vs r, was computed and is shown

in curve A of Figure 4. 13. For values of r greater than or equal to 0. 158 micron

the values of 1/77 were those taken from the appropriate columns in Table 4. 5.

These values were applied to give curve Bof Figure 4. 13 and N in Table 4.6.

For r = 0. 100 micron, the value of 1/77 was obtained by extrapolation of curve B

(dashed portion). The ratio of the ordinate of curvc B to that of curve A at

r = 0. 100 micron is the value used (135) for 1/ in Table 4.6. For the samples

in category (2), the values of 1/71 were obtained by interpolation in Table 4.5

for all values of r. Thus no extrapolation was necessary.
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For samples in category (3) it was felt that the extrapolation procedure

was probably less valid than for (1) and (2). Therefore, the values of N were

computed from values of 1/r taken from Table 4. 5 for particlos with radii greater

than 0. 158 micron or 0. 251 micron depending on. the altitude. The entries of

dashes in Table 4. 6 indicate the values of the radii for which N was not obtained.

Table 4. 7 summarizes the particle radius-concentration distributions for

all of the samples from which suitable data were obtained. The spatial average

radius-concentration distribution was obtained by multiplying the values of N in

a particular class by the corresponding volumetric (volume of sampled air) weight

factor, summing these products over all of the samples, and dividing the sum by

the sum of the weight factors. As in Table 4. 6 the dashes denote undetermined

values of N. The spatial average volume-concentration distribution was calculated

from the radius-concentration distribution by multiplication of the average N values

by 4/37r r 3 . Summation of the average N over the classes gives

i N = 1. 10 particles/cm 3

for the spatial average number concentration of the stratospheric aerosol.

Similarly, the spatial average volume concentration is

V = 9.62 x 10- 3 u 3 /cm 3 = 9.62 x 10 15 cm 3 /cm 3 .

d. Particle Size-Type Relations

As has been mentioned, most of the particles observed are of the types

which were identified as amrnmonium sulfate and ammonium persulfate. These

particles comprised more than 99% of the particles with radii less than or equal to
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Table 4. 6 Stratospheric Particle Distributions

Sample No.: iL07/W-1 Date of Collection: 25 Feb 1960

Latitude longitude Altitude IAS Temp. TAS Time
(feet) (knots) (knota) (min)

27:42 NI 13:42 N 98:07 W/82:47 W 60,000 135 -73.C 400 181
13:42 N/27:42 N 82:47 W/98:07 W 65,000 121 -67*C 410 186

Length of Flight Path: 4.60 x 108 cm

Normalized Area: 1. 69 x 10"4cm
2  Normalized Volume: 7.77 x 10

4
cm

3

Radius I Obs. fobs x 105 N V
(JA) 17 Frequency Vol.

6.31
3.98
2.51
1.58 1.83 5.3Q-

3  6.94-
3  1.27- 7  2. 10 - 6

1.00 2.40 . 08-2 1. 9
"  3. 34

- 7  
1.40-6

0.631 3.44 6.57 8.46 2.91-4 3. 06
4

0. 398 5.21 39.3 50.6 2.63- 3  
6.94- 4

0.251 11.6 126 162. 1.88-2 1.24-3
0.158 41.6 369 475 1.98"1 3.26

-3

0. 100 -- 328 422 -- --

Number Cone: Volume Conc.: Sr
90 

Cone. : 2. 23 x 10- 7 
dpm/cm 3

Sample No.; IM07/W-2 Date of Collection: 3 Mar 1960

Latitude Lungitude Altitude IAS Ternp. TAS Time
(feet) (knots) (knots) (min)

7 l:OON/51:17N 132:30W/102:31W 60.000 135 220'K 419 205

Length of Flight Path: 2, (5 )1 108 cm

Normalized Area: 2.25 x 10- 4 
cm

2  
Normalized Volume: 5. 97 x 104 cm 3

Radius _ Obs. fobs x 105 N -V
(/A) 17 Freqency Vol.

6.31 1.09 1,43.2 2.40
"

2 2,61-7 2.74- 4

3.98 1. 18 1.91-2 3.20.2 3.780.  
1.00- 4

2.51 1.40 2.39-2 4.00-2 S. 0-7 3, 70- 5

1. 58 1.86 4,29-2 7.19-2 1.34
-
6 2.21-5

1.00 2.55 2.69-2 4.84-2 1.24-6 S. 18-6
0. 631 3.62 4.30

-
2 7.20-2 2.64-6 2. 77-6

0.398 5.68 14.6 24.5 1.39- 3  
3.67

- 4

0.251 15.2 39.4 66.0 1.00-2 6, 66-
4

0.158 62.5 281 471 2.94-1 4. 86-
3

0. 100 -- 289 484

Number Cone: Volume Cone.: Sr 9 0 
Cone.:

Composition: Ammonium Sulfate
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Table 4.6 (continued)

Sample No.: IL09/W-3 Date of Collection: 16 Mar 1960

Latitude Longitude Altitud LAS Tomp, TAI Time
______(feet) (knots) (knot5) (min)

25:15N/12:33N 95:03W/81:42W 65,000/66,800 .63"C 415 180
12:33N/27;44N 81:42W/98:07W 66,800/68,500 .63'C 415 177

F7

Length of Flight Path: 4. 52 x 108 cm

Normalized Area: 2.25 x 104- cm
2  Normalized Volume: 1, 02 x 105 cm

3

Radius I Obs, fobs x 105  N V
(JA ) 7T Frequency Vol.

6.31 1.08 ....
3.98 1. 16 ....

2.51 1,32 ..
1. 58 1.68 2. 16.2 2. 12-2 3. 56-7 5.88-6
1.00 2.20 2.40 2.35 5.17-5 2.17 - 4

0.631 2.93 17.0 16.7 4.90
- 4  5. 15- 4

0.398 4.12 89.0 87.3 3.6 0 -3  
9.52-

4

0.251 6.64 387 379 2.51-2 1.67-
3

0.158 17.9 1210 1186 2.12-1 3.50-3
0.100 62.5 2180 2137 1,330 5.58 " 3

Number Conc. 1.57cm
"3  Volume Conc.: 1,24 x l0"

2M3/cm3 Sr
90 Conc, : 3.61 x 10- 7 

dpm/cm
3

Sample No. : ILII/W.4 Date of Collection: 22 Mar 1960

Latitude Longitude Altitude ]AS Temp. TAS Time
(feet) (knots) (knots) (min)

27:43N/48:O0N 98:07W 50,000 160 210 K 385 208
48;ON/27:43N 98:07W 55,000 150 210'K 405 176

Length of Flight Path: 4. 68 x 108 cm

Normalized Area: 1. 976 cm
2  

Normalixod Volume: 9,24 x 104 cm
3

Radius I Ob., fobs x 105 N V
(/) 1r Frequency Vol.

0.631
0.398 23.6 25.5
0.251 -- 33.2 35.9
0. 158 -- 153 166
0.1 00 -- 292 316

Number Conc: Volume Conc. : Sr
90 

Conc. : 1.42 x 10 . 7 
dpm/cm

3

Composition: Ammonium Sulfate
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Table 4. 6 (continued)

Sample No.: I M03/W-5 Date of Collection: 29 Mar 1960

Latitude Longitude Altitude LAS Temp. TAS Time
zatitude (fet) (nS

4(feet) (knots) (knots) (min)

Orbit 43:1IN 95.25W 40,000 170 .56 °C 335 60
Orbit 43:1IN 95.25W 55,000/65,000 155-121 -581C 420 319

Length of Flight Path: 4,78 x 108 cm

Normalized Area: 2. 25 x 10" 4 
cm

2  Normalized Volume: 1, 08 x 105 cm
3

Radius I Obs. fobs x 105 N V

(14) 1 Frequency Vol.

6.31 1.09
3.98 1.18 7. 15- 3  6.62- 3  7.82-8 2.07-5
2,51 1.40 5.68 - 3  5.26-3 7.36-8 4.88-6
1,58 1.86 1.02-2 9,44-3 1.75-7 2.90-6
1.00 2.55 1.43-2 1.32-2 3.37-7 1.41-6
0,631 3.62 2.86.2 2.65-2 9.69-

7  1.02-6
0,531 4.10 2. 091 1.94-1 7.96-6 4.99-6

0.391 5.60 2 I85 1.04-
4  2.60-5

0,287 10.7 19 17.6 1.88-3 1.86 "4

0,214 23.7 30 27,8 6.59- 3  2.70- 4

0,158 62.5 29 26.9 1.68-2 2.78-
4

0,100 -- 381 353 --

Number Cone: Volume Cone.: Sr
90 Cone, 4.92 x 10 " 

dpm/cm
3

Sample No.: IMOS/W-6 Date of Collection: 31 Mar 1960

Latitude Longitude Altitude ]AS Temp. TAS Time
(feet) (knots) (knots) (min)

Orbit 43:00N 37 00W 55,000/64,000 151-125 .60*C 415 406

Length of Flight Path: 5. 58 x 108 cm

Normalized Area: 2. 25 x 10-
4 

cm
2  Normalized Volume: 1. 26 x 105 cm

3

Radius I Obs, fobs x 105 N V

($A) f Frequenc. Vol.

6.31 1.09 2.15.2 1.70.2 1.86-
7  1.96-

4

3. QR 1. 18 1.43-2 1. 13'2 1.33-
7  3.51-

5

Z.51 1.40 6.45
- 2 5. 12-2 7. 17-7 4,75.5

1.58 1.86 5.02.2 3.98-2 7. 41-
7  1.22-5

1.00 2. 55 5.74.2 4. 56 2 1. 16.6 4.86-6

0.631 3.6Z 3.59.2 2.85.2 1.05-6 1.10.6

0.531 4.10 16,4 13.0 5. 33-4 3.34.4

0.391 5.60 71.3 56.6 3. 17-
3  7.91-4

0.287 10.7 78 61.9 6, 61-3 6. 56-
4

0.214 23.7 60 47.6 1. 132 4.64-4

0, |r, 62.5 105 83.3 5. 21-2 8. 60-
4

0. 100 -- 350 278 - -

Number Cone: Volume Cone. : Sr
9 0 

Cone. : 4. 24 x 10
7 

dpm/em
3
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Table 4. 6 (continued)

Sample No. IL03/W-7 Date of Collection: 2 April 1960

Latitude Longitude Altitude AS 'Tenp, TAS Time
(feet) (knots) (knots) (min)

29:23N/18:30N 98: 15W/67: IOW 65,000 121 .62 *C 414 290

Length of Flight Path: 3. 71 x 108 cm

Normalized Area: 1.81 x 10
- 4 cm

2  Normalized Volume: 6. 72 x 10
4 

cm
3

Radius I Oba. fobs x 105 V
(U) 1r Frequency Vol.

6.31 1.09 ......
3.98 1.17 ......
2.51 1.37 --- -- --
1.58 1.80 2. 88-2 4.2o-2 7, 72

7  
1.28-5

1.00 2,38 6,90-2 1.03
"
1 2,45-6 1,03-5

0.631 3,27 3. 16
1  4.70-

1  1,54
- 5  1.62-5

0.398 4,83 86.3 128 6.18
- 3  1.63

3

0.251 9.43 127 189 1.78-2 1. 18-
3

0. 158 31.3 229 341 1.07-1 1.76-
3

0. 100 135 350 521 7.03-1 2.94-3

Number Conc:0,834cm
" 3  Volume Conc,. 7.55 x 10-

3 
1

3
/cm3 Sr

90 
Gone.:

Composition: Ammonium Sulfate

Sample No. : I L05/W-8 Date of Collection: 5 Apr 1960

Latitude Lrngitude Altitude AS Temp. TAS Time
(feet) (knots) (knots) (min)

15:OON/08:OOS 67:00W 64,500/67,100 122-114 -64*C 415 206
08:OOS/5:OON 6700W 67, 100/68,900 114-110 -64*C .415 195

Length of Flight PIth: 5. 13 x 108 cm

Normalized Area: 2. 09 x 10
-4 cm 2  Normalized Volume: 1. 07 x 105 cm 3

Radius I Obs, fobs x 105 N V
(A ) 17 Frequency Vol.

Y98 I. 17
2.51 1.37 8.95

-3  8,36- 3  1. )4-
7  ?.5n-6

1,58 1.80 1.78
-
2 1,66-2 2,99-7 4.94-6

1.00 2. 38 30.6 28.6 6.81-
4  

2,85-3
0.631 3.27 75,3 70.4 2. 30

.3  
2, 42

- 3

0.398 4.83 95,,2 89.0 4. 30-3 1. 13-3
0.251 9.43 96.5 90.2 8.51-3 6.56- 4

0.158 31.3 209 195 .6. 10.2 1,0.l3
0. 100 135 679 634 8, 58-1 3. s9-3

Num-tber Conc:0J. > cm
- 3  Volume Conc. 1. 17 x I0-2 P 3/

c r n 3  Sr
9 0 

Cone.: 2.70 x 10, 7 
dpm/cm

3

Composition: Ammoniurh Sulfate
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Table 4. 6 (continued)

Sample No.: I M09/W-9 Date of Collection:12 Apr 1960

Latitude Longituda Altitude IAS Temp. TAS Time
(feet) (knota) (knots) (min)

67:ON/ 50:25N 122; 10W/l0Z:30W 40,500 170 -48*C 343 171

Length of Flight Patb: 1.8 1 x 108 cm

Normalized Area: 2.25 x 10
-4 cm

2  Norrnaliznd Volume: 4.07 x 104 cz1
3

Radius I Obs, fobs x 105N V
(W) "7 Frequency Vol.

2.51 1.49 7. 17
3  1.76

-
2 2.62-7

1.58 2.07 --- 0

1.00 3.06 2.87.2 7.05
-
2 2. 16-6

0.631 5.29 2, 87-
2  7.05

2  3.73-6
0.531 -- 14 34.4
0.391 -- 74 182
0,287 -- 94 231
0.214 -- 39 95.8
0.158 -- 61 150
0. 100 - 146 359

Number Conc: Volume Cone.: Sr
9 0 Conc.: 3, 84 x 10"

7 dpm/cm
3

Sample No. : I MIll/W-10 Date of Collection: 21 Apr 60

Latitude Longitude Altitude IAS Temp. 'PAS Tluo
(feet) (knota) (knota) (miII)

Orbit 48:OON 103:00W 65.000 121 .54*C 419 210

Length of Flight Path: 2.70 x 108 cm

Normalized Area: 2,25 x 10
4  Normalized Volume: 6.08 x 104 cm 3

Radius Obs. fobs x I05 N V
(W) 77 Frequency. Vol.

3.98 1. 17 1.43
-
Z Z.35'

2  
2,75-7 7.26-5

2.51 1.37

1.58 1.80 ..
1.00 2.38 8.80 14.5 3.45-

4  
1.44-3

0.631 3.27 96.7 159 5.20
3  5,47-3

0,398 4.83 143 235 1. 13
2  3.00.

3

0,251 9.43 309 508 4.78
.2  3. 16-3

0,158 31.3 911 1499 4.70-1 7.76-
3

0,100 135 1365 2245 3.0.0 1.27-2

Number Uonc: 3. 56 cm" Volume Cone.: 3. 36 x 10-
2 

P
3
/rm

3  Sr 9 0 Cone. : 6. 17 x 10-7 dprn/Cm
3

Composition: Ammonium Sulfate
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Table 4. 6 (continued)

Sample No. 3 LO/W-ll Date of Collection: 21 Apr 1960

Latitude Longitude Altitude AS Temp, TAS Time
__ __ _(feet) (knots) (knots) (min)

27:43N/48:OON 98:07W 50,000 160 a16 OK 392 185
48:OON/27:43N 98:07W 55,000 155 216 K 421 171

Length of Flight Path: 4.46 x 103 cm

Normalized Area: 2. 25 x 10- 4 cm 2  Normalized Volume: 1. 00 x 105 m 3

Radius I Obs. fobs x I05 N
(/A) f Frequency Vol.

6.31 1.09 .-- ... 0
3.98 1.19 1.60 

1  1.60,6 1.90-6

2.51 1.45 3.26-1I 3,26.6 4.73-6
1.58 1.96 4.89 1 4.89-6 9.58-6

1.00 2.72 3.35 3. 35 " 5 9, 11 5

0.631 4.20 12.0 1,20
" 
4 5,04-4

0.398 8.13 21.9 2, 19 - 4  1.78
- 3

Number Cone: Volume Conc. : Sr
9 0 

Cone.:

Composition: Ammonium Sulfate

Sample No. : I MO1/W- 12 Date of Collection: 30 Apr 1960

Latitude Longitude Altitude IAS Temp. TAS Time
(feet) (knots) (knots) (min)

65:50N/50:20N 119:50W/102:30W 65,000 124 219"K 431 147

Length of Flight Path: 1. 957 x 108 cm

Normalized Area: 1,498 cm
2  Normalized Volume: 2.93 x 104 cm

3

Radius Obs. 'lobs x 105 N
(A ) Frequency Vol.

1,00 2.38
0.631 .. 27 4 +4 13.6 4.45-4 4.67-

4

0.398 4.83 29 99.0 4,79-3 1.26-3
0.251 9.43 41 140 1, 32-2 8.72-4
0.158 31, 3 144 491 1. 53-1 2. 54-3
0.100 135 222 758 1.020 4.29-3

Number Cone: 1. 19 cm'3 Volume Conc, : 9.43 x 10' 3 h3/cm 3
' Sr 90 Cone. : 5,02 x 10. 7 

dpm/cn
d

Composition: Arnmonium Sulfate
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Table 4.6 (continued)

Sample No.: 2 L 11/W-13 Date of Collection: 9 May 1960

Latitade Longitude Altitude lAS Temp, TAS Time
___feet) (knots) (knots) (rain)

15:OON/09:25N 67:00W 64,400/65,400 120 206 'K .407 50
09:25N/03;37N 67:00W 65,500/66,400 118 206 K 411 51
03:37NI06t4IS 67:00W 66,400/68,000 115-113 205 'K 410 99
06:41S/09: IN 67:00W 68,000/70,000 111..106 209 K 412 14 1
09:1 IN/I I:00N 67:00W 70,000 105 2091K 410 45

Length of Flight Path: 4.89 x 108 cm

Normalized Area: 6. 50 x 10-
5 

cm
2  Normalized Volume: 3. 18 x 104 cm

3

Radius I Obs. lobe x 105 NK V
W' 1- Frequency Vol.

6.31 1.08 2.06-
3  

6.48-3 7.00-8 7.36-
5

3.98 1.16 6. 20
3  1.95-2 2.26-7 5.97-5

2.51 1.32 2.07- 3  6. 51:3 8.59-8 5.69-6
1.58 1.68 4 15-

3  1.31.2 2.20-7 3.63.-6
1.00 2.20 1.03"2 3. 24

2  7. 13-
7  2.99.6

0.631 2.93 3.30 1,041 3,05. 6 321-6
0.398 4, 12 24.5 77.0 3. 17-

3  
8,37-4

0.251 6.64 98 308 2,05-2 1,36 - 3

0.158 17.9 272 855 1.53
"1  

2,53-
3

0.100 62.5 630 1980 1.240 q, 19-3

Number Conc: 1.4Zcm
- 3  Volume Conc. : 1.0 1 x 10.2 p

3 /c
m

3 Sr
9 0 

Conc.: 3.03 x 10'
7 

dpm/cm
3

Composition: Ammonium Sulfate and Ammonium Persulfute

Sample No.: 2 M03/W- 14 Date of Collection: 12 May 1960

Latitude Longitude Altitude IAS Temp, TAS Time
(feet) (C<ots) (knots) (min)

16:25N/35:00S 66:SOW/58:30W 63,000/67,000 127-115 2101C --- 442

Length of Flight Path: 5, 66 x 10 cm

Normaliz'ed Area: 2.25 x 10-
4 
cm

2  Normalized Volume: 1.27 x 10
5 

cm
3

Radius I Obs. fobs x 105 N V
(
L
A ) 1f Frequency Vol.

3.98 1. 17 5.72-2 4,50
"
2 5.27-

7  
1.39-

4

2.51 1.37 1.44
"
2 1. 13-2 1.54-

7  
1.02-

5

1.58 1.80 1.00
"
1 7.87-2 1.41-6 2.34-5

1.00 2.38 19.9 15.7 3.74-
4  

1.57-3
0.631 3.27 139 102 3,.33-3 3.51-3
0.398 4.83 185 146 7.04

-3  
1.86-

3

0.251 9,43 198 156 1. 47-2 9.74.4
0158 31.3 505 398 1.25"1 2.06-3
0.100 135 672 529 7. 13-1 2,99-3

Number Conc:0. 863 cm
"3  

Volume Conc,: 1.31 x 1o
-Z u3

/cm
3  

Sr
90 

Conc. : 2.84 x 10
"7 

dpm/cm
3

Composition: Ammonium Persulfate
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Table 4. 6 (continued)

Sample No.: 2 L03/W-15 Date of Collection: 19 May 1960

Latitude Longitude Aititude IAS Temp. TAS Time
(feet) (knots) (knots) (ri)

36:40S/45:00S 59"45W/6?':25W 50,000 160 -301C 415 193
45;00S/36:40S 62:25W/59:45W 50,000 160 -30*C 4'5 18

Length.of Flight Path: 4. 83 x 108 cm

Normtdized Area: 2. 25 x 10"
4 

cm
2  Normalized Volume: 1. 09 x 105 cm 3

Radius I Obs. fobs x 105 N V
(WL) 7 Frequency Vol.

6.31 1.09 9.56- 3  
8.77-3 9.56-8 1.01-5

3,98 1.18 1.43-2 1.31-2 1,54-7 4.07
- 5

2.51 1.41 2.39-2 2.19-2 3.09 - 7  
2.04

- 5

1. 58 1.89 2.87-2 2.63- 2  
4.97-7 8.22-6

1.00 2.69 4.30-
2 3.94-2 1.06-6 4.45-6

0.631 4. 15 1.20 1.10"1 4,57-6 4.81-6
0.531 4.93 2.64 2,42 1. 19-

4  
7.42-

5

0. 391 7.15 19.3 17.7 1.27-3 3.18-4
0.287 -- 14,9 13.7 --
0.214 -- 16,7 15.3 ....
0.158 -- 53.6 49.2 ....
0. 100 . 146 134 ....

Number Cone: Volume Gone. : Sr
90 

Cone.; 2.71 x 10 "7 
dpm/cm

3

Composition: Ammonium Sulfate

Sample No. : 208/W- 16 Date of Collection: 17 Nov 1960

Latitude Longitude Altitude IAS Temp. TAS Time
(feet) (knots) (knots) (rmin)

62:OON/32:OON 142:OOW/.10 1:00W 60,000/68,600 415 341

Length of Flight Path: 4. 37 x 108 cm

Normalized Area: 1.99 x 10- 4 
cm

2  
Normalized Volume: 8.69 x I04 cm

3

Radius I Obs, fobs x 105 N V
(.') "7 Frequ .ncy Vol,

6.31 1.09
3.98 1.17 6.31- 3  

7.26 " 3  
8.50-8 2.25-5

2.51 1.37 6.31- 3  
7.26-3 9.95-8 6.59-6

1. 58 1,80 (3,00-6) (4.95-5)
1.00 2.38 3.15-4 3.62-2 8.59- 7  

3.60-6
0.631 3.27 7.57-2 8.71-2 2,85-6 3.00 - 6

0. 531 3.71 28 32.2 1,20-3 7.53-4
0. 391 4.93 90 103 5,08"3 1.27-3
0. 287 7.50 120 138 1.03-2 1.02-3
0.214 13.5 89 102 1, 38 "2  

5.65-
4

0. 158 31.3 50 57.5 1.80-2 2,97-4
0. 100 135 31 35.7 4.82

-
2 2.02-4

Number Conc:0. 0966 cm,
3  

'olume Cone.: 4. 14 x 10
"

' ) 3
/cm3 Sr

90 
Cone.:

Composition: Ammonium Sulfate
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one micron. In contrast, the vast majority of particles with radii greater than

one micron were of a distinctly different type both in morphology and in their

electron diffraction patterns. It was also noted in the cases where condensation

had occurred to produce halos around the sulfate and persulfate particles, that

there was no such effect associated with these other ,partic-AL. The occurrence

of the larger particles in the samples was rather non-uniform, witness the number

of zeros entered in Table 4.7. In all, about 250 particles with radii greater than

one micron were observed in the samples reported here. Morphologically, three

types of larger particles were most frequentlyrobserved. These types are shown

in Figure 4. 14. The first type of particle is spher6idal with high electron optical

density. These spheroids were observed in the c and d positions of the samples

with radii between about 0. 2 )a and 2. 5 i. They produced no electron diffraction

patterns. The -second type of particle is somewhat irregular in shape and ranges

in size from about I p to about 15 p in the largest dimension. Particles of the

second type showed wide variation in shape and electron optical density. A few

of these particles gave rather poorly defined electron diffraction patterns

(indicating the presence of crystalline material) which could not be analyzed.

Most of the particles of this type, however, gave no electron diffraction patterns.

Undoubtedly the particles of the second category encompass a variety of com-

positions. The third type of large particle is actually a collection or agglomerate

of many very small spherical particles. The size range of the small spheres is

from a few thousandths to a few hundredths of a micron. The particles in the

collections appear to have been rather loosely held together to form what resembles
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FIG. 4.14 ELECTRON MICROGRAPHS OF NON-SULFATE TYPES OF
STRATOSPHERIC PARTICLES



bunches of grapes. The bunches appear to have partially broken -apa-rt upon

impaction. The dimensions of the deporieted agglomerates range from about I M

to 10 P. Electron diffraction patterns of oome of these partile-s have- been obtained,

but no unique identification has been made. Particles of the third type were

observed less frequently than those of the other two types. Fewer than fifteen

of the 250 large particles were of the third type.

PARTICLE - RADIOACTIVITY RELATIONSHIPS

The autoradiographic studies of filters, portions of filters, microtomed

cross sections, individual fibers and impactor samples were performed on HASP

samples in an attempt to obtain information which would permit correlation of

particle size or type with radioactivity content. In some instances the autoradi-

ography was supplemented by beta counting.

The results of these studies are described below.

Evaluation of Survey Autoradiograms of Filter Paper Samples

Eighty-six filter samples listed in Table 4. 8 were examined by survey

autoradiography during the course of filter efficiency studies. Twenty-two

representative autorad iograms are presented in Figures 4. 15 through 4. 18 to

illustrate the following observations. (Note to the reader: The autoradiograms,

as they appear in this report, suffer in fidelity due to the methods of reproduction).

For convenience in comparing the images, data on the location and volume

of air sampled and the date and duration of the autoradiographic exposure are listed
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Table 4.8. HASP Filters Examined By Survey Autoradiography

90 732 2017 3595 3735

227 751 2025 3596 3749

232 755 2283 3597 3750

299 759 2285 3598 3782

327 910 2436 3599 3783

328 9,38 2498 3600 3812

329 1012 3394 FD218 3815

330 1035 3401 FD219 3844

403 1306 3473 FD220 3866

404 1354 3479 FD221 3869

405 1355 3480 FD222 3904

406 1383 3502 3601 3905

535 1387 3503 3604 3924

544 1394 3509 3691 3925

557 1699 3538 3696 IPC Blank

608 1815 3553 3698 WE1499 Blank

610 1900 3556 3726 WE1505 Blank

731 1947 3562 3732

li4



to the right of each image. Radiochemical and radiometric data obtained from

the 22 filters are listed in Table 4. 9. Caution in interpreting the image patterns

is necessary because the size and density of the spot image is a function of the

AM distance between the radioactive particle and the X-ray film as well as of the

quantity, type and energy of the radioactive material connected with the particle.

The Lantern Slides have approximately one tenth the response of the double coated

No-Screen X-ray film with respect to image density.

Quantitative evaluations of the original images are given in Table 4. 9 in

terms of (1) the diffuse image optical density per 1000 SCF of air sampled and

(2) the number of dense spot images per 1000 SCF per 4 cm 2 of filter. The higher

concentrations of dense spot images occurred in samples of fresh debris such as

sample 90 containing United Kingdom debris (8 November' 57), sample 299 con-

taining Soviet debris (I'ebruary' 58) and 742, 751 and 755 containing Soviet debris

(fall' 58). Samples of fresh debris collected at different altitudes simultaneously

above the northern tropopause gap such as 731, 732 and 751, 755 and 759 produced

noticeably different autoradiographic images than the sample collected below the

tropopause which produced fewer but somewhat larger spot imagcs. Tropical

stratospheric samples 610 and 1035, collected in September 1958 and January

1959, yielded lower concentrations of large spot images than did samples 1306,

1815, 2283 and 2436 which were collected later in 1959 in the tropical stratosphere.

Northern polar stratospheric samples collected between 60,000 and 65, 000 feet

during the summer of 1959, such as 1387, 1947 and 2117, gave higher con-

centrations of large spot images than did the low altitude sample 1355 or the



~'~V \ T\

VA. \

No. 2283(N) B Oct, 59
4w T.2285(H)

VAT~ 60,000 ft. 8600 SCF(N)
~ ~ 19400 SCF(H)

Trop. at 54, 000 it.
30 day exposure started om C + 2 days.

17~

~~, Nj

A , -4

FIG. 4.15 SURVEY AUTORADIOGRAMS OF FILTER PAPERS EXPOSED SIMULTANEOUSLY IN
THE TROPICAL STRATOSPHERE
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-No. 90(H)/22 Nov'57/4:30N- 1: 0Sf No. ZZ7(N)/7 keb'58/6:33S-4:13N/
64, 000'/7200 SCF/Trop. at 69 000"/9400 SCFfTrop, at

57,00/13da eposure started 55 000'! 13 day exposure started
on C+130 days. (lnern slide) on C+53 days. (lantern slide)

No. 610(N)/ 16 Sep158/6:OOS-0:41S/ No. 1306(N)J Apr'59! 10:06N-
60, 0001/8200 SCF/Trop. at 15:58N/70, 0001/4400 SCF/Trop.
50, 0001/30 day exposure started at 53,000 '/30 day exposure
on C+495 days, started on C+300 days.

No, 1815(N)/ 10 Jul'59/4:33N-2:07N No. 2436(M/1)22 Oct'59I9:46N-
65, 000118100 SCF/Trop, at 15:OON/66,Z00'/ 121U0 SCF/
5 5, 0001/ 30 day exposure started Trop, at 55,000'/30 day exposkire
on C+Z00 days. started on C+105 days.

No. 3866(N)/IZMny160/4:36N- No, 3869001/12 May'60! 16:25N-
6:00S/ 66, 500'!/ 106'00 SCF/ 4:50N/64, 500/131900 SCW/
Trop. at 54, 0001/ 30 clay exposure Trop. at 54,0001/!136 day
started on G+230 days. exposure started on C+290 days.

FIG. 4.16 SURVEY AUTORADIOGRAMS OF SAMPLES EXPOSED IN THE TRO-
PICAL STRATOSPHERE
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No. 1355(H)/ 14 Apr'59165:OON-70:OON/ No. 1387(N)/21 Apr' 59/49:35N- 54:59N/
35,4001/74400 SCF/Trop. at 29, 0001/ 60, 0001/ 7500 SCF/ Trop. at 30, 000/
30 day exposure started on C+190 days. 15*day exposure started on C+21 dgtys.

No. 21 17(H)/ 18 Sep' 59/65:33N-69:52N/ No. 3749(H)/3OApr'60/65:50t'4-58:40N/
60,000'/117600 SCF/Trop. at 38,0001/ 65, 0001/ 19200 SCF/Trop. below 40, 0001/
30 day exposure started on C+21 days. 33 day exposure started on C+270 days.

No. 3750(H)/30 Apr'60/58:30N-50:20N/ No. 3904(14)/24 May'60/66:OON-70:OON/
65,O001/2080 SCFITrop. below 40,0001/ 50,000'/27500 SCF'/Tron. at ~~'
120 day exposure startecd on C+317 days. 30 day exposure started on C+30 days.

No. 3924(H-)/26 May'60/40:00 ORBIT/
50,000'/33900 SCF'/30 day exposure
started on C+30 days.

FIG. 4.17 SURVEY AUTORADIOGRAMS OF SAMPLES EXPOSED IN THE
POLAR STRATOSPHERE
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FACE REAR

No. 2991N)/I18 Mar' 58/43:29-38:4 IN/

45, 300f/ 16600 SCF/Trop. at 38,000'/
13 day exposure started on C+13 days.

(lantern slide) No 3()2 c,8 No. 751(N)/29 Oct' 58/44:OON- 38: lON/

N 4OO72N)2 OcT'5 60,000/18300 SCF/Trop. at 55,000/

60,000 ft. 15600 SCF 30 day escposure started on C+780 days.

Trop. at 53, 000 ft.
15 day exposure
started on C + 300

days.

No. 755(N) 29 Oct'58

No. 73 1 () 220t'5844.OON -38:I0N
No. 31() Oct8 .55 000 ft. 12 100'SCv

44:t)ON ORBIT Trop. at 55, 000 ft,
*50, 000 ft. 18200 SCF 30 day eXPOSuirc

Trop. at 53, 000 ft. started on C + 780
15 day exposure days.
started on C + 300
days.

No. 759(N) 29 Oct'58
44:OON - 38: ION

50,000 ft. 15500 ft.
Trop. at 55, 000 ft.

30 day exposure
started on C + 780 '

days
2,' disk on C + 330

days.

FI G. 4.18
SURVEY AUTORADIOGRAMS OF SAM-

No. 10 35(N) 2 5Jan'59 PLES EXPOSED IN THE VICINITY OF No. 1947(N) 26 Jul'59
44:OON -38:26N THE TROPOPAUSE GAP 44:OON . 38:09N

60,000 ft. 8500 scF 63, 500 ft. 8400 SCF

Trap at 54,000 ft. Trop. below 50,000 ft.

30 day exposuire 30 day exposure

started on C + 369 started on C + 180

days. 119 days.
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concurrently collected tropical stratospheric samples. Samples collected during

the spring of 1960, such as 3866 and 3869 (tropical stratosphere) and 3904, 3924

(north and south polar stratosphere) yielded low concentrations of spot images.

Sample 3749, for the high polar stratosphere failed to produce a large spot image

and 3750 produced a small number of them.

Beta activity values corresponding to large spot images are shown in.Flgures

4. 19 and 4. 20. The presence of 4 large particles in sample 731 contributed

approximately 14 net counts per minute suggesting an average beta activity per

particle somewhere between 12 - 32 disintegrations per minute, depending on

counting efficiency, at one year after the collection date of October 1958. Beta

counts of thin sections of sample 732, 2 years after the collection date of October

* 1958, gave net counts of < 2 suggesting particle activities of 10 dpm or less.

The number concentrations of particles which produced large spot images

in 22 samples ranged from 0 to 150 particles per 1000 SCF of air sampled.

All samples studied which were collected after January 1959 gave results corre-

sponding to less than 0. 5 particles per standard cubic foot of air.

Size Measurements of Individual Particles Related to Survey Autoradiograms

Radioactive particles identified by high resolution autoradiography and

revealed by subsequent chemical reduction of the spot images are illustrated in

Figures 4. 21 and 4. 22, which include 4 samples of fibers removed from the filter

with tweezers and 6 samples of thin sections embedded in plastic.

The largest spot images encountered, spot A of sample 759 (Figure 4. 18),

corresponded to a radioactivity deposit which produced, after microtomy and
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V AA

A-63 + 1. 8 cprn

B .. 49+ 1. 3cpr

FIG. 4.19 BETA COUNT RATES AND AUTORADIOGRAMS OF FILTER PORTIONS

1.9

Section No. Beta Count Rate

12 0. 42 cpm

B7 39 17 2. 46 cpmn
19 6. 37 cpmn

37 0. 28 epm
39 0. 35 cpnm

Section No. Beta Count Rate

87 0. 64 cprn
108 0. 24 cpm
110 0. 14 cpm

'11IS

FIG. 4 20 8ETA COUNT RATES AND AUTORADIOGRAMS OF THIN SECTIONS
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Two Spot Images Spot Image Particles Revealed
After Chemical Re-

duction of Spot Image
THIN SECTION FROM SAMPLE 759 SPOT B

*AMBER

Top: Partially Reduced ImageTo:StImg

Bot:Fivthe Reucton eveledBot: Agglomrerate Revealed After
1Micron Particle (Masked Reduction of Image

From View By 14 Micron Amber
Particle)

PRINOF SAMPLE 1947 FIG. 4.21
HIGH RESOLUTION AUTORADIOGRAMS OF LARGE AGGLOMERATED FPRTICLES
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re-autoradiography, spot images from three succelsive thin sections of 1.0 micron

nominal thickness. Spot B led to two groups -F three successive highly active

sections. The central section of one set of three was subjected to high resolution

and produced 3 spot images shown at the top of Figure 4. 21 which were associated

with particles of 7, 5 and 5 microns "diameter." As illustrated by the 5 micron

diameter particle shown in Figure 4. 21, these three particles appear to consist

of a transparent body containing dark particles of about 0. 5 microns size. Thus

the "effective" size of the agglomerates which produced spots A and B appears to

be slightly greater than 10 microns although the agglomerates may not have

contained radioactive particulates much larger than 1 micron.

Further evidence of activity being associated with very large particles is

shown in Figure 4.21. Sample 1947 produced a central particle of 2.5 microns

diameter (optically masked in illustration) associated with a 14 micron red-amber

particle and a 42 micron transparent object. Sample 1035 contained a collection

of 50 to 100 dark particles ranging from 0. 5 to 2. 0 microns diameter associated

with a transparent oblong object of 32 microns length. In each case the trans-

parent object was similar to the filter fibers in appearance but did not produce a

light polarization effect.

The more common case of spot image such as those marked by arrows on

samples 1815, 759, 1035 and 1947 (Figures 4. 16 and 4. 18) led to a single particle

centrally located beneath the coated emulsion spot images. Some spot images at

variuus stages of chemical reduction and some typical radioactive particles so

determined are shown in Figure 4. 22. Most of the particles were spherical in
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mk-~

THIN SECTION OF 731 FIBR FROM 732 FIBER FROM 732
3 a 1. 5, lrticle 1. 5/LParticle I LParticle

4 4 4

FIBER FROM 759 SECTION OF 1387 FIBER FROM 1815 SECTION OF 535
3lLParticlc 11AParticle I/.LParticle 1. 3A Particle l/t Particle

a ., 4. ~q~

... \ ?:

SECTION OF 299 SECTION OF 29 9

2/LParticle Image Partially Reduced Reduction Complete
Image

FIG. 4.22 HIGH RESOLUTION AUTORADIOGRAMS OF MICRON SIZE
PARTICLES
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shape and were opque, transparent or amber colored transparent in appearance.

Extraneous particles and the optical "noise" from the fibers and photographic

gelatin, made a complete analysis of color, index of refraction and polarization

effects impossible. The particles which produced spot images ranged from 0, 5

to 3 microns in diameter with most falling in the I to 2 micron range. Sample 299

produced several spot images for which no particle was found. One case shown in

Figure 4.22, where the partially reduced image-particle matrix assumed a

crystalline shaped outline, resulted in four residual particles of approximately

I micron diameter each after bleaching.

A third type of lesser magnitude spot images occurred in the survey auto-

radiograms of thin sections exposed for 3 - 12 months. Thc images have diameters

of approximately 0. 1 mm and are similar to those illustrated in Figure 4. 20.

Similar small spot images occurred in the high resolution autoradiograms for

which no central particle could be found by light microscopy. It was assumed

that these images were caused by particles smaler than the "noise" limit of the

sample matrix of 0. 5 microns. Since the X-ray film requires approximately

108 betas/cm 2 for a dense image to be produced it was calculated that these particles

would have activities on the order of 0. 05 disintegratione per minute.

Evidence of still smaller radioactive particles was found in the diffuse image

portion of the thin section autoradiograms shown in Figure 4. 20 and in the beta

tracks occurring in high resolution autoradiograms shown in Figure 4. 23, The

beta tracks occurred most frequently near the ends or damaged portions of the

fibers, and no particulates corresponding to the tracks were found by light

xicroscopy.
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Radioactivity Measurements of Impaction Collector Samples

Attempts were made to obtain high resolution autoradiograms of several

impactor samples. The results obtained were inconclusive, since the samples

gave track counts not significantly different from background after six months

exposure.

Two samples were subjected to low level beta determination. Again the

results vmre somewhat inconclusive due to the low activities. There was,

howevcr, a.i iidication that the screens from the a and b positions contained

higher activities than those of the c and d positions (see Figure 4. 10).

The fact that activity was detected by beta counting and not detected by

high resolution autoradiography leads us to conclude that the application of

liquid emulsion as practiced in these studies either removed the particles from

the sample substrate, or dissolved them, or both.
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CHAPTER. 5

DISCUSSION AND CONCLUSIONS

HASP has primarily been concerned with the behavior of nuclear debris

in the stratosphere. It has been shown' that the measured distributions of

fission products are a result of

1. weapon yield,

2. weapon test schedule,

3. type of weapon test (ground, air, sea),

4. latitude of test,

5. time (of year) of test,

6. initial meteorological conditions at and shortly after test time.

During a period of frequent testing each of the listed factors contributes such large

transient perturbations to the fission product distribution that a complete under-

standing of the causes of the distribution is unattainable. Even after a time sufficent

to allow the transient phenomena to be smoothed, the initial conditions specifying

the role of each listed factor must be known in order to understand the particular

features of the quasi-steady-state fission product distributions. It may, however,

be possible to infer and ultimately to be able to predict quantitatively the behavior

of nuclear debris in the stratosphere be studying the particles present there and

with which old debris (> 6 months) may be associated. Before entering into the

discussion of results of the HASP particle studies, we want to make it clear that

there remains much to be proven by definitive measurements and experimentation.

The work carried out by HASP investigators and those of Air Force Cambridge
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Research Laboratories represents but a beginning in what promises to be a fruitful.

f .endeavor in atmospheric chemistry and particle mechanics.

THE STRATOSPHERIC AEROSOL

In 1959 Junge, Chagnon and Manson 2 collected samples of stratospheric.

particles by balloon-borne impactors. They also measured concentrations of

Aitken nuclei (particles with radii less than 0. 1 micron) in the same flights. The

number concentrations of the Aitken nuclei decreased from about 100 cm 3 at the

tropopause to less than I cm - 3 at 20 km. From this fact Junge et al were led to

the conclusion that the Aitken nuclei in the stratosphere are of tropospheric origin

and the shape of the vertical profile is consistent with a coefficient of vertical

2eddy diffusion of 2000 cm /sec. Most of the particles collected by their impactors

were in the radius range between 0. 1 micron and 1.0 micron. (Particles in this

size range are often referred to as "large particles. ") Particles larger than

1.0 micron radius were detected in small and variable numbers. The particles

in the radius range 0. 1 p.< r < 1. 0 p were found to have a broad maximum in

number concentration between about 16 kin and 24 km altitude at 45' North latitude.

The number concentration in this region was about 1 cm " 3 . The vertical profiles,

number concentrations, and particle radius-concentration distributions of these

particles were found to be relatively constant in time and space. Thus Junge,

Chagnon and Manson were led to the conclusion that there exists a persistent aero-

sol layer in the stratosphere whose mass is comprised mainly of particles with
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radii between 0, 1 micron and 1. 0 micron. Electron microprobe analysis of the

balloon-collected samples revealed that sulfur was present in higher concentra-

tions than any other detectable constituent of the aerosol particles. It was pre-

sumed that the sulfur existed in the form of sulfate.

The work performed under HASP and by AFCRL upon samples obtained by

the U-2 impaction probe has firmly established the persistency of the stratospheric

aerosol layer. The samples analyzed have represented latitudes between 63*S

and 72*N during the period March to November 1960. Altitudes sampled ranged

between 40,000 and 70,000 feet, but the predominant altitude of collection was

near 65,000 feet (20 kilometers). The electron diffraction studies have shown

that the collected particles contain crystalline ammonium sulfate and occasionally

ammonium persulfate. Junge and Manson have continued to identify sulfur as the

most abundant detectable component by electron microprobe analysis 3 , 4 . (The

element of lowest atomic weight which could be detected was aluminum. Thus

ammonium, which was found by electron diffract'ion, and sodium, which might

have been present, were not detectable in the microprobe studies. ) Spot tests on

a few samples obtained by AFCRL revealed the presence of NH 4 + in amounts

roughly equivalent to those of SO 4 = . Junge and Manson also showed that ammonium

sulfate and ammonium persulfate have hygroscopicities similar to that displayed

by the collected stratospheric particles. HASP has established that the particles

of the type identified as ammonium sulfate (and persulfate) comprise almost all

of the particles with radii between 0. 1 micron and 1. 0 micron. These in turn

comprise greater than 90% of the mass of stratospheric particles in the samples.
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The evidence described above suffices to prove beyond a reasonable doubt

that a stratospheric aerosol exists which has a peak number concentrations between

16 and 24 km altitude in the temperate zones. (Junge 4 reports vertical profiles

of particle number concentrations in the tropics which are similar to those obtained

in the temperate latitudes when altitude is considered relative to the tropopause.)

The aerosol most probably consists mainly of ammonium sulfate particles with

radii in the range 0. 1 .z <r < 1. 0 p. The proposed process by which the aerosol

is formed 2 ; 3 is oxidation in the statosphere of H2 S and/or SO 2 of terrestrial

origin by ozone of stratospheric origin. According to Junge 5 the SO2 and NH in

non-polluted tropospheric air originate primarily from the oceans. The SO Z results

from oxidation of H2 S which arises from decaying organic material in shallow

oceanic waters. Ammonia may result from decomposition of organic surface films

on the ocean. The concentrations of SO 2 and N11 3 in high tropospheric air (Mauna

Kea) are about I y/m 3 STP 5 . If these gases mix into the stratosphere without

appreciable removal by precipitation scavenging then their concentrations at the

20 km level would be about one to two orders of magnitude larger than the estimated

concentrations of NH4 + and S0 4
= in the stratospheric aerosol. Presumably this

would be enough NH 3 and SO2 to support a steady state concentration of aerosol

formed by oxidation of SO 2 .
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PROPERTIES OF THE STRATOSPHERIC AEROSOL

As discussed in the previous section of this chapter, both AFCRL and HASP

studies have determined that the mass of the stratospheric aerosol is largely

contained in particles with radii between 0. 1 micron and 1. 0 micron and that the

number concentration of particles in this range is about 1 cm " 3 at the altitude of

peak concentration, namely about 20 km. We shall now proceed to discuss the

particle size spectrum of the aerosol and then present some conclusions concerning

the mass concentrations, the total stratospheric burden of aerosol, and the possible

relationships between stratospheric nuclear debris from atomic weapons testing

and the aerosol.

The Particle Size Spectrum

In Figure 5. 1 are shown the particle size spectra of the stratospheric aeros9l

as found by AFCRL and HASP. The abscissa is radius in microns and the ordinate

is concentration expressed as

dn (cm- 3 ),
d(log r)

where dn is the number of particles per cm 3 of air with radii in the interval defined

by [log r, logr + d(log r). The HASP curve is that which corresponds to the

weighted average particle size-concentration distribution given in Table 4.7. The

AFCRL curve is taken from the work of Junge and Manson 3 and was based on the

results of balloon-borne samplers as described in reference (2). It is quite difficult

to assess the relative agreement of the two spectra. Junge and Manson have esti-

mated that their spectrum should be correct to within about a factor of two ineither
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direction with respect to concentration at a given radius between 0. 1 micron and

1. 0 micron. If we arbitrarily adopt the same estimate for the HASP spectrum,

we find that the two curves are in agreement (within a factor of four) for radii

between 0. 1 micron and 0.45 micron. For the region 0. 5 ju < r < 1. 0 P the dis-

crepancy between the two spectra may be due to failure to take into account

flattening of the particles due to condensation of moisture after collection. Junge

and Manson suggest that this may be the reason that their measured sulfate deposits

gave concentrations about a factor of four lower than those expected by calculation

from the particle size spectrum. Another possible source of systematic error

may be the peculiar aerodynamic effect of the window in the probe, resulting in

efficiencies different from those given by impaction theory. For particles with

radii greater than 1.0 micron there exist statistical uncertainties due to the small

number of particles collected in a single sample. In view of the fact that, in HASP,

the types of particles counted in this size range were not encountered in blank

samples, it is suggested that the uncertainty of the HASP spectrum for particles

with radii greater than or equal to 1. 5 microns is within a factor of four or five.

More will be said about these larger particles later in this chapter.

The spectra shown in Figure 5. 1 can be approximately represented ana-

lytically over given intervals by expressions of the form

dn = ctrb
d (log r)

which is equivalent to

dn - cr-(b+l) (c = 0.435 c")dr (5. 1)

= cr-a (a = b + 1)
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Table 5.1 below lists the values of c and a for the two spectra shown in Figure

5. 1 for the interval 0. 1<r < 1.0 .a.

Table 5. 1

a c

AFCRL 3 4.35 x 10- 1 1 cm- 1

HASP 4.9 6.55 x 10- 20 cm ' 9

Integration of equation (5. 1) between the appropriate limits of r gives the number

concentration of particles. In order to compare the number concentration so

obtained with that reported in Table 4. 7 for the experimentally determined value

care must be taken to use the proper limits for integration. The experimental

value of the number concentration, n, was determined by

n ni  , (5.2)
i

where ni is the number concentration of particles in the ith class

with radius between ri_ 1 and r i . Thus the value of n i corresponds to the geo-

metric mean radius = ./ri . In Table 4.7 the radii are the geometric meansgeomet ic mean

of radii where the intervals are defined by

logr i - log ri-1 = 0.2.

Thus to compare the value of n obtained by integration of equation 5. 1 between

two limits P a and Pb with that obtained experimentally by summation over intervals

defining Yi and jthen we must choose Pa = r o and Pb rj. While we have

been considering the interval 0. 1 p <Y.< 1 . 0 p, which really pertains to the
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consideration that radius has discrete values rather than continuous values, we

must now consider the interval 0. 0795 p <r < 1. 26 iLi order to treat radius as

continuous. As can readily be seen, at 1.0 p radius both curves in Figure 5. 1

fall off steeply toward higher values of radius. Thus integration between 1. 0 and

1. 26 micron will contribute negligibly to the number concentration (and also to the

volume concentration to be considered below). Table 5. 2 lists the values of

number concentration, n, obtained by'integration betwe.n.n,0. 0795 F and 1.0 ) of

both curves in Figure 5. 1. Also listed are values of the volume concentration, v,

obtained by

v = 4/37r r 3 dn , (5.3)
Pa

where Pa and pb are the same limits of radius used in the calculation of n.

The HASP experimental values are listed for comparison to show that the function

given by equation (5. 1) with the chosen values of a and c actually represents the

experimental distribution (Table 4. 7 and Figure 5. 1) quite closely.

Table 5.2

n (cm- 3 ) v (cm 3 /cm3)

AFCRL 0.35 1. 69 x 10- 14
HASP 1.3 1. 06 x 10- 14
HASP (Experimental) 1. 1 0. 938 x I0 14

In regard to the volume concentrations of particles with radii greater than

1. 0 micron, integration of the AFCRL distribution to infinite radius adds another

0. 6 x 10- 14 cm 3 /cm 3 whereas summation of HASP experimental results adds only

about 0. 03 x 10- 14 cm 3 /cm 3 to the volume concentrations of particles shown in
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Table 5. 2. Despite the substantial disagreement between the two distributions

for radii greater than 1. 0 micron, the volume concentrations of all particles with

radii > 0. 1 micron are in fair agreement as judged from Table 5. 2 and previous

statements concerning accuracy of number concentrations.

The studies at AFCRL 3 also included determinations of the concentrations

of sulfur in the aerosol by electron microprobe measurements of particle deposits

on ribbon type impaction surfaces, which were more efficient for small particles

than the window impactor used in the HASP studies. The average concentration

of sulfur (expressed as grams of sulfate' (SO 4 ) per cm 3 ) in eleven samples

collected at about 20 km altitude was reported as 6. 82 x I0- 15 gm/cm 3 . This

concentration was not corrected for impaction efficiency since it was assum-ed

that the AFCRL particle size spectrum was correct. Thus the (approximately)

50% efficiency for 0. 1 micron radius particles would not appreciably affect the

estimation of the mass deposited since most of the mass corresponding to the

assumed spectrum is in particles with radii greater than 0. 3 micron, and these

have impaction efficiencies greater than 85%. The 6.82 x 10- 15 gm S0 4 /cm 3 is

to be compared with 13.4 x 10- 15 gm/cm 3 for HASP experimental and 24.6 x 10-15

gm/cm 3 for the AFCRL distribution. (These latter figures were calculated from

the volume concentrations in Table 5.2 assuming a density of 2 gm/cm 3 and a

composition of (NH4 )2 SO 4 . The actual density of ammonium sulfate is 1. 8 gm/cm 3 .)

As mentioned previously, Junge and Manson suggest that flattening of the particles

(see also Chapter 4 of Part II) may be the reason for the factor of nearly four

disparity between their measured and computed sulfate concentrations. The
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effect of correcting the AFCRL distribution for flattening would be to increase

the number of smaller particles because of the low impaction efficiencies and to

decrease the number of larger particles which have nearly 100% impaction effi-

ciencies. This would be approximately equivalent to a clockwise rotation of the

AFCRL distribution about some point in the 0. 2p-to 0. 3 p radius region.

If we now assume that the HASP particle size spectrum represents the

actual distribution, we calculate from curve 5 of Figure 6 in referencc (3) that

the AFCRL ribbon impactor contained only about 63% of the sulfate content of

the sampled air. Correcting the average sulfate concentration obtained by Junge

and Manson brings the average concentration to 1I x 10-i15 gm S04/cm 3 which

is in close agreement with the value of 13.4 x 10- 15 gm/cm 3 obtained in HASP.

For this reason we believe that the HASP particle size-concentration spectrum

as shown in Figure 5. 1 is more nearly correct than the AFCRL spectrum. There

still exists, however, a relatively large uncertainty in the spectrum in the region

of radius around 0. 1 micron. It is in this region that the number concentration

is determined. Although nothing is known of the particle size spectrum of Aitken

nuclei (r < 0. 1 p), their number concentration 2 , namely 1 cm- 3 , at 20 km altitude

agrees with the number concentration given by the HASP spectrum in the region

of 0. 1 micron radius. If the HASP spectrum is correct, then the number con-

centration of Aitken nuclei must fall rather steeply with decreasing radius below

0. 1 micron.
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The Effect of the Stratospheric Aerosol on World-Wide Fallout of Nuclear Debris

4 When a nuclear device employing fissionable material is detonated near

IP the earth's surface, the fission products, a few moments after the detonation,

will be associated with particles ranging from atoms and molecules, through

molecular clusters, to micron size and up to a few millimeters. Particles

resulting from air bursts may not exceed sizes in the micron range. In general,

if the cloud from a nuclear detonation enters the stratosphere, we would expect

that as time passes the larger particles will leave the stratosphere by sedimenta-

tion and the smaller particles will coagulate with other particles which are present

due to their Brownian motion. Particles of an intermediate size may persist for

longer periods without appreciable change in size due to growth or without being

removed by sedimentation. Thus it is quite apparent that the role played by the

particles of the stratospheric aerosol is to remove by coagulation (but not to remove

them from the stratosphere) the smallest of the original particles produced by

nuclear detonations. The relative importance of this role depends upon the

fraction of the total fission products which is carried by the small original particles.

Thus, it would be expected that the stratospheric aerosol particles would be

associated with a larger portion of the fission products from an air burst than

from a surface burst.

The work performed in HASP in connection with the relationships between

stratospheric particles and radioactivity was of limited scope and does not permit

quantitative estimates of the effects mentioned in the previous paragraph. (We

will throughout this discussion use the unqualified term "radioactivity" to mean

radioactivity which results from the detonation of fissionable material. We thus
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exclude any natural radioactivity such as arises from cosmic rays.) A few

general comments concerning the HASP work are considered in order here.

The results from the autoradiographic studies reported at the end of

Chapter 4 indicate that the particles which caused the dense spot images were in

the size range from about 0. 25 micron to about 1. 0 or 1. 5 microns radius. The

fresher the debris, the higher was the concentration of such particles. All

collections contained particles with radii smaller than 0. 25 micron (the limit of

resolution under the prevailing experimental conditions) which produced low

density spots and diffuse images in the autoradiograms. The older the debris,

the more predominant was the diffuse radioactivity. The two samples studied,

Nos. 3749 and 3750, which contained debris from the high altitude rocket detonations

Teak and Orange, (see Chapters 4 and 5 of Part 1) gave no dense spot images. One

gave only diffuse images while the other gave a few low density spots in addition

to diffuse images. This tends to support the previous statements concerning the

small sizes of particles from air bursts.

The beta counts of the various positions of two impactor samples indicated

that for debris more than a year old more radioactivity resides in smaller particles

(r < 1. 0 micron for density of 2 gm/cm 3 ), which deposited in the "a" and "b"

positions, than in the larger particles, which deposited uniformly over the sample

but which are represented by the "c" and I'd" positions.

Junge, Chagnon, and MansonZ have shown that at or above 20 km altitude

individual particles with radii smaller than 0.01 micron introduced into air con-

taining the background particles of the stratospheric aerosol will be attached to
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the background population in a time short compared with the time of transport of

the air from the stratosphere to the troposphere. Thus radioactive particles with

radii greater than a few hundredths of a micron, but small enough to have negligible

sedimentation rates, will remain as a separate population intermixed with the

aerosol particles. The differences between the HASP and AFCRL particle size

spectra are not sufficient to change these conclusions.

The above considerations lead to the expectation that, if nuclear debris

is well mixed with the stratospheric aerosol, then air which has a relatively

high particle concentration would be expected to have a correspondingly high

radioactivity concentration. Table 5. 3, which is a summary of Table 4.6, indicates

that, at 20 km altitude, this is approximately the case. There is a relatively

small variation from sample to sample in the ratio of strontium-90 concentration

to the volume (or number) concentration of particles. The larger ratio exhibited

by sample W- 12 may be explained in part by the presence of strontium-90 from

the lower stratospheric injections of the Hardtack test series. Debris from this

source was probably the main radioactive component of the particles in the other

samples.

By examination of vertical profiles of strontium-90 during the period

January-June, 1960 and comparing them with the vertical profile of particles

obtained by Junge, Chagnon and Manson 2 , we may gain some indication of the

extent to which particles and radioactivity had mixed. These profiles are shown

in Figure 5. 2. They are plotted -relative to the average tropopause heights

(36,000 feet for polar and 55,000 feet for tropical) and the units of particle
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Table 5.3. Summary df Particle and Radioactivity Concentrations

Sample Date latitude Altitude n v Sr 9 0 Concentrate
No. Collected (feet) (cm - 3 ) (cm 3 /cm 3 ) (dpm/cm3 )

W-3 3/16/60 Z7N IgN 67,000 1.57 1.24x i0 14  3.61 x 10-7

W-8 4/5/60 15N~ft8S 67,000 0.94 1.17 x 10-14 2.70 x 10-7

W-10 4/21/60 48N 65,000 3.56 3.36 x 10-14 6.17 x 10-7

W-12 4/30/60 66N--.50N 65,000 1.19 9.43 x 10-15 S.02x 10-7

W-13 5/9/60 15N:- 6S 67,000 1.42 1.01 x 10-14 3.03 x 10-7

W-14 5/12/60 16N-,.29S 65,000 0.86 1.31 x 10-14 2.84 x 10-7

W-16 11/17/60 62N--j32N 64,000 0.10 4.14x 10- 1 5

W-17 II/?1/60 15S-20N 65,000 0.63 6.55x 10- 1 5
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concentration are relative. The profiles of strontium-90 aretaken from Table 6. 3

of Chapter 6 of Part 1 and are expressed in dpm per ambient cm 3 . The average

strontium-90 concentration at 20 km (- 65, 000 ft.) was 3. 1 x 10- 7 dpm/cm 3

which is comparable to the concentrations listed in Table 5. 3. The particles

and the radioactivity apparently were not well mixed in the tropical stratosphere.

They were better mixed in the northern polar stratosphere, however. It is diffi-

cult to determine the cause of the non-mixed state in the tropical stratosphere.

One possible explanation is that the zone of maximum production of sulfate particles

is at a higher altitude than the center of gravity of tropical stratospheric air

(about 75, 000 ft. ) so that no matter how uniformly the air and radioactivity may

be mixed, there willalways be an excess of particles to radioactivity at altitudes

near the zone of maximum aerosol production in comparison to the quantities at

lower altitudes.

The foregoing discussion indicated that it is impossible, on the basis of

the evidence at hand, to estimate the fraction of radioactivity which is actually

contained by particles of the stratospheric aerosol.

The established hygroscopicity of the particles of the stratospheric aerosol

may be the factor which causes fallout which is stratospheric in origin to be

deposited on the earth primarily in rain. The hygroscopic nature of the sulfate

particles presumably would, make those with radii less than or equal to 0. 1 micron

excellent cnndensation nuclear. While it remains to bc proved, it is possible

that the larger particles of the stratospheric aerosol may be freezing nuclei, i. e.,

particles upon which ice crystals can readily form. In the process of cloud
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formation, condensation nuclei are the sites for the growth of small water drop-

lets. In order for precipitation from a cloud to occur, it is necessary that

freezing nuclei be present so that drops of size suafficient to be influenced appre-

ciably by gravity can form. If particles of the stratospheric aerosol are good

freezing nuclei, then it would be expected that stratospheric air which penetrates

into the troposphere would have a tendency to initiate rain formation upon mixing

with moist tropospheric air. Such a process may account for the observations

that rain carries most stratospheric fallout to the ground (see Chapter 7 of Part I.)

The processes involved in rain formation were discussed recently by

Fletcher 6 in connection with the "meteor hypothesis" of rainfall, originally

proposed by E. G. Bowen. Fletcher pointed out that measurements made by

Australian investigators of freezing nuclei concentrations with balloon-borne

equipment and recently by equipment carried by U-2 aircraft have shown that there

is, on the average, no tendency for these concentrations to decrease with altitude,

and that at 20 kilometers altitude there are also "high" nucleus counts. These

observations were offered as "substantial support" for the meteor hypothesis.

The reasoning employed was that if the nuclei originate at the earth's surface their

concentrations would decrease with altitude and be zero above the tropopause.

Since observation contradicted this situation, it was reasoned that the nuclei must

be extraterrestrial in origin.

The findings of the HASP particle studies neither confirm nor refute the

meteor hypothesis. However, they serve to cast some doubt upon the substantiality

of the support offered by the vertical profiles of freezing nuclei. Evidently the
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adherents to the meteor hypothesis did not envision the possibility of formation

of particles in the stratosphere by chemical reactions of gaseous materials of

earthly origin. The overwhelming preponderance of sulfate type particles compared

to any other types in the lower stratosphere makes it appear likely that the strat-

ospheric freezing nuclei encountered by the Australian investigators were indeed

particles of the stratospheric aerosol. In fact, the freezing nuclei concentrations

in the stratosphere and upper troposphere seem to lend support to the ideas

advanced in the previous paragraph concerning incorporation of fallout in rainfall.

The Stratospheric Burden of Sulfate

By invoking some rather crude assumptions the total sulfate content of the

stratosphere may be estimated by two methods which are outlined below.

I. Assuming that the aerosol and the strontium-90 in the
stratosphere had mixed throughout the layer in which the
aerosol exists (tropopause to 80, 000 feet) bdth laterally and
vertically, then the total SO 4 content of the stratosphere is
given by the ratio of the average S04 concentration (g/cm3 )
at 20 km to the average strontium-90 concentration (dpm/cm 3 )

at the same altitude multiplied by the total stratospheric burden
of strontium-90. The HASP inventory of stratospheric strontium-
90 was 0.8 megacurie in January to June, 1960, (see Chapter 6
of Part 1) of which less than 10% was estimated to be above
80, 000 feet, The mean concentration of strontiurm-90 at 20 km
during that time was 3. 1 x 10-7 dpm/cm 3 (ambient). Assuming
the aerosol to be composed of ammonium sulfate, the average
S04 concentration corresonding to the HASP distribution in
Figure 5. 1 is 1. 34 x A0"- "4 gm/ cm 3 expressed as S04. The total
504 burden of the stratosphere is thus calculated to be 8. 1 x
107 kilograms.

2. Assuming the vertical profile of aerosol particles is constant
relative to the tropopause over all latitudes and that the aerosol
density is proportional to thc number concentration as indicated
by Junge's work (see Figure 5. 2) and by the relative constancy of
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the ratio of volume concentration to number concentration in
Table 5. 3, then integration of the vertical profile over altitude
and around the earth yields the total number of.particles in the
stratosphere (equal to 3. 6 x 1024 particles, using an average
number concentration of I particle/cm 3 at 20 km altitude,
This number multiplied by the ratio of average sulfate concen-
tration to average number concentration ields a stratospheric
sulfate burden of 4. 5 x 107 kilograms.

The difference between the two calculated SO 4 burdens may be some

indication of the extent to which the aerosol and radioactivity had not mixed.

Since the burden of 8. 1 x 107 kg was computed by assuming mixing and that of

4. 5 x 107 kg was not, the indication, excluding errors in the other assumptions

made, is that the particles and radioactivity were slightly more than 50% mixed

throughout the low.er stratosphere. However, the errors in the other assumptions

certainly obscure the actual extent of mixing.

With the assumptions made in (1) above plus the assumption of a 1. 0 year

residence half-time for strontiurn-90 of tropical origin (Chapter 6, Part I), the

stratospheric production rate and removal rate may be estimated to be approx-

imately 5. 5 x 107 kilograms of SO4 per year based on a sulfate burden of 8 x 107

kilograms.

Extraterrestrial Material in the Stratosphere

An attempt was made during HASP to obtain information on the presence

in the lower stratosphere of particles of extraterrestrial origin by subjecting

four specially collected filter samples of stratospheric dust to neutron activation

analysis and by careful examination of particles with radii greater than one

micron on the impactor samplcs.
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The neutron activation analyses of four filters, each representing about

2 x 104 m 3 of ambient air from the stratosphere, were performed in an attempt

to assess the amounts of materials present which may have been extraterrestrial

in origin. The results, shown in Tables 4.2 and 4.3 in the previous chapter,

indicate, at best, the maximum values of the various elements. The fact that

the outbound flights gave higher values of most elements than did the inbound

flights indicates that contamination may have been present in the outbound flights,

although there is no way to prove it. It is obvious that the filter papers them-

selves contained amounts of the elements under study which were greater than

or equivalent to the amounts collected from the air. Thus, for studies such as

this, it is necessary to employ a collection medium which is free of the elements

to be detected.

There is a possibility that the larger particles collected by the impactor

probes may be extraterrestrial in origin. Junge and co-workers Z , 3 have pointed

out that particles found in the stratosphere with radii greater than a micron or

so are most likely to be of extraterrestrial origin. In their studies they

encountered a background population of particles on their glass slides, however,

and could present little evidence that these large particles were not part of this

contamination. As pointed out previously, we believe that the particles with

greater than 1. 5 micron observed on Formvar substrates were not "background"

but an actual collection. The various types of particles observed are described

in Chapter 4.
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The distribution of particles with radii in the range 1.58 5 < r < 6.3

hat- a slope of ..2 in Figure 5. 1. This is in agreement with the results of

Fireman and Kihitner 6 who analyzed stratospheric particles collected by balloon

and aircraft. They estimated about 10- 7 particles/cm 3 as the number concen-

tration of particles with radii between 1. 5 and 15 microns. The estimates from

the HASP data are approximately an order of magnitude higher.

Since the concentrations of material in this size range appear to be quite

variable in time and space (see Table 4.7) and collections are quite sparse, we

hesitate to draw any conclusions concerning origin and accretion rates of the

particles.
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CONCLUSIONS

i. The existence of a stratospheric aerosol, originally proposed by Junge,
Chagnon and Manson has been confirmed by particle collections under

4HASP.

2. The aerosol is comprised chiefly of particles with radii in the range 0. 1
to 1.0 micron.

3. The composition of the aerosol particles appears to be ammonium sulfate,

as determined by electron diffraction, electron microprobe, and chemical
spot tests.

4. The particle size-concentration spectrum obtained by electron micro-
scopy studies of the samples appears to agree with the observed number
concentrations and the observed sulfur concentrations obtained by Junge,
et al.

5. The HASP particle size spectrum gives an average number concentration
of 1 particle per cm 3 and an average volume concentration of 9. 6 x 10- 15
cm 3 /cm 3 for the stratospheric aerosol at 20 km altitude.

6. The aerosol particles probably contained a significant fraction of the
nuclear debris present in the stratosphere in the first half of 1960,
although no quantitative estimates of the fraction could be made.

7. The stratospheric burden of sulfate as SO 4 was estimated to be 8 x 107

kilograms based on the HASP particle size spectrum, the HASP strontium-
90 inventories and the assumption of complete mixing of particles and
strontium- 90.

8. The studies of penetration of radioactivity through the filter samples
indicate that less than 1. 5A of the collected activity penetrated 90% of
the filter thickness. This is strong evidence for 100% retention of
strato.spheric particles by HASP filter samples.
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THE HIGH ALTITUDE SAMPLING PROGRAM

Part III

MEASUREMENTS OF FALLOUT IN MAN'S ENVIRONMENT
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CHAPTER 1

L MEASUREMENTS OF CARBON- 14 IN TROPOSPHERIC AIR

The major efforts toward determining the fate of radioactivity produced

in nuclear weapons testing have been restricted to research on the fallout of

particulate matter. The amount of attention given to the production, prescnt

distribution and future distribution of the gaseous by-products of testing has

constituted only a small fraction of the total output. Perhaps one of the main

reasons for this lack of interest has been the belief that the gaseous products did

not constitute a hazard to the human population. Recent work, however, has

tented to attach more significance to the possible hazards from these products.

But considerable doubts still remain regarding the ultimate consequences of the

radiation dose to mankind.

One of the nuclides produced during weapons testing, not in the fission

process but by the reaction of escaping neutrons with the nitrogen of the atmos-

phere, is carbon-14. The atoms of carbon- 14 react immediately with the oxygen

in the atmosphere to form carbon dioxide which then becomes a part of the carbon

cycle. In addition to the carbon-14 produced in weapons testing, this nuclide is

being continually created in the upper atmosphere by natural processes, and the

resultant mixture of carbon-14 from both sources enters into the normal processes

of exchange between the stratosphere and troposphere, incorporation into the

biosphere, exchange between the troposphere and oceans and the subsequent

removal from the exchangeable reservoir by formation of limestone, etc. The

amount of radiocarbon produced by nuclear tests has resulted in detectable

increases in the normal concentrations of carbon-14 in the atmosphere, biosphere

and hydro,3pherc.
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Much has been said regarding the similarity in behavior of the gaseous

and particulate products of testing. Such phenomena as the rate of removal of

radioactivity from the stratosphere to the troposphere and removal of activity

from the troposphere are quite well-documented for particulate matter but not

so for gaseous materials. There are theories which suggest that the removal

of gase6us products such as carbon-14 from the stratosphere does not occur at

the same rate as the particulates such as strontiumn-90 and cesium- 137. There

is also some question as to whether the bomb carbon- 14 exhibits a "seasonal

effect" in the changes in concentration in tropospheric air2 .

Because of the limited aims of the work to be described, only a very small

part of the overall problem of the behavior of carbon-14 from nuclear tests has

been investigated. We have endeavoured to follow the changes in carbon-14

concentration in tropospheric carbon dioxide over a period of about 1 1/2 years.

The results give some information on the rate of absorption of carbon dioxide

from the atmosphere by the oceans, the magnitude of seasonal introductions of

carbon-14 - free carbon dioxide from fossil fuels, and the introduction of bomb

carbon-14 from the atratosphere into the troposphere.

SAMPLE COLLECTION

The procedure used to collect a sample of tropospheric carbon dioxide

involved the removal of the gas from the air by absorption in solutions of

potassium hydroxide. Samples were collected daily and combined over a seven

day period to form an integrated weekly collection.

The collectors used for the absorption of carbon dioxide were three 10 cm

diameter petri dishes, each containing about 50 ml of 3 to 4 molar potassium

hydroxide solution and surrounded by an enclosure to prevent the entrance of

rain. A combined weekly sample of 1000 ml of potassium hydroxide solution was

found to yield about 10 liters of carbon dioxide under standard conditions of

temperature and pressure.
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Prior to being used, for sampling, the potassium hydroxide solution was

freed of previously absorbed carbon dioxide by precipitation with barium chloride

(K2 C 3 + BaCl- .KCl + BaCO3). The precipitated barium carbonate was

filtered out and the carbonate-free potassium hydroxide solution was ready for

use. A one-month spply of potassium hydroxide solution was prepared at one

time and stored in a closed container.

Samples collected for analysis were stored in closed polyethylene bottles.

ANALYTICAL PROCEDURES

Sample Preparation

The carbon dioxide dissolved in the potassium hydroxide solution is

released by hydrolysis with phosphoric acid in a vacuum system shown in Figure

1. 1. The potassium hydroxide solution is placed in flask A and attached to the

vacuum system at ground glass joint H. The system is then evacuated through

stopcock D or J to a pressure of approximately 20 cm Hg. The system is then

isolated from the vacuum pump and liquid nitrogen is placed on trap C. The

magnetic stirrer K is started and phosphoric acid from reservoir B is admitted

slowly into flask A. As the carbon dioxide is evolved from the solution,

(3K 2 CO 3 + 2H 3 P0 4  ;0 3CO Z + 3H 2 0 + 2K 3 PO4 ) it is frozen out in trap C.

The reaction is considered complete when gas ceases to evolve from the

solution upon further addition of acid. A few minutes are then allowed to elapse

to ensure complete condensation of the carbon dioxide before stopcock L is closed

and the frozen carbon dioxide pumped for 10-30 miniutes to remoVe any volatile

impurities such as oxygen and nitrogen, which may be present at this temperature.

The carbon dioxide is then transferred to trap G by removing the liquid nitrogen
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frpm t:rap C and placing it on trap G, As C warms up the gas expands from C and

j "is frozen out in G. The gas is then allowed to expand into bulb E where it is

I stored until ready for further treatment. At this stage, the carbon dioxide is

usually, fairly pure except for the presence of some water vapor, and radon.

These are removed by causing the carbon dioxide to react with calcium oxide

in a quartz bulb Q at 750 1C to form calcium carbonate: the radon and water

vapor, which do not react with the calcium oxide, are subsequently pumped away.
The full procedure is as follows. The carbon dioxide is first frozen i4 to trap

G, the furnace section is isolated from the remainder of the vacuum system and

stopcock M opened to the calcium oxide bulb. The reaction proceeds at about

the same rate as the carbon dioxide expands from the trap after removal of the

liquid nitrogen. When the reaction is complete, as indicated by a stable reading

on the manometer F, the temperature of furnace P is lowered to 400-450'C.

Stopcock M is then closed and stopcock N is opened to the highi vacuum manifold.

The sample is then pumped to a vacuum of less than I p as indicated on Pirani

gauge T. When this pressure is attainedthe temperature of furnace P is raised to

950*C. The system is isolated from the high vacuum pump by closing stopcock

W when the temperature reaches about 550'C. Liquid nitrogen is placed on trap R

and the carbon dioxide released from the decomposition of the calcium carbonate

at 950*C is frozen in the trap. The decomposition is considered complete when

no pressure buildup is observed in the system with trap R isolated. The carbon

dioxide is now pure and free from radon and ready to be stored in a bulb such as

U, or transferred into the counter to be counted. The sample is transferred into

the previously-evacuated counter through stopcock V to a pressure of 1520 mm

as read on manometer S.

Counting Procedure

The proportional counter in which the activity of the purified carbon
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dioxide sample is assayed i6 constructed of electrolytic copper, The active

volume of the cowuter is just under two liters. To provide a low background it is

shielded by one inch of mercury, a ring of 23 G-M cosmic ray counters operated

in anti-coincidence with the sample counter, 4 inches ol paraffin wax, and 18 inches

of hot rolled steel (Figure 1.2). The background of the counter with this arrangement

is 9. 2 counts/min. The associated electronics were specially constructed at

Isotopes, Inc., in connection with the radiocarbon dating program,

Each sample is counted for two 8 to 15 hour periods several days apart

to verify the reproducibility of the counts. All activities are corrected to

correspond to a standard temperature of 273*K.

Accuracy and Reproducibility

The U. S. National Bureau of Standards supplies an oxalic acid modern

standard for radiocarbon dating laboratories. At the 1959 conference on radio -

carbon in Grlningen a value of 0. 95 times the activity of this oxalic acid standard was

adopted as the modern reference'value for radiocarbon dating. The carbon- 14 activities

of all samples measured in this program are compared with this standard value.

The activity (at 273 0 K) of carbon dioxide from this standard,when filled to a pressure

of 1520 mm Hg in our counter, is 24.00 + 0. 18 counts/min. This standard gas is

usually assayed once a week and its activity is reproducible to within the statistical

error of the count. Background carbon dioxide, from carbonaceous materials older

than 50, 000 years, is counted several times a week and is usually stable to within

the statistical error.

All chemical reactions involved in the analysis are essentially quantitative

and therefore no significant isotopic fractionation is to be expected. Background

carbon dioxide was prepared several times and the values obtained were identical.

In addition, carbon dioxide was prepared from the oxalic acid standard several
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Figure 1.2
Carbon-14 Counter and Associated Shielding
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times with the standard activity remaining constant within the statistical error.

The statistical errors of the results are based on counting statistics only. All

other errors are considered to be negligible.
I

RESULTS AND DISCUSSION

Results

The results of the analyses of carbon-14 concentrations in tropospheric

air it Washington Township, New Jersey for the period January 1960 through

April 1961,are sumrharized in Table 1. 1 and graphically represented in Figure

1. 3. To facilitate comparison of our data with similar results obtained at other

laboratories the following presentation was adopted. The carbon-14 concentrations

are expressed with reference to the commonly used NBS oxalic acid according to

the formula

Asample - 0.95 A'Oxlic acid
C 14 = x 100

0. 95 Aoxalic acid

where Asample is the measured carbon-14 activity of the sample and A~oxalic acid

is the carbon-14 activity of the N1S oxalic acid standard corrccted for radioactive

decay between 1 January 1958 and the date of measurement of its activity. (This

correction is virtually negligible.) Strictly speaking it is not possible to compare

the 8 C 14 data in carbon dioxide samples with 8 C 1 4 in plants because of possible

isotopic fractionation processes occurring during the photosynthetic process.

This is usually overcome by monitoring the C 13 /C ratios in all samples and
13 12

finally normalizing all results to a common C /C ratio. Unfortunately this

was not possible with our data but it may be pointed out that this could mean a

reduction of about 3% in the carbon- 14 results of Washington Township carbon
3

dioxide when compared to the data of Broecker and Walton , and Broecker and
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Table 1. 1 Radiocarbon Concentrations in Tropospheric Air at Washington
- Township, New Jersey

Collection Period 8C4

19 Jan - 25 Jan 1960 + 20.85%0
2 Feb- 9 Feb 1960 +20.00%

23 Feb - 1 March 1960 + 18.45%
1 March - 8 March 1960 +22.43%

29 March - 5 April 1960 + 22.40%
5 April - 12 April 1960 + 16.00%

26 April - 3 May 1960 + 18.24%
24 May - 31 May 1960 + 20.82%
28 May 1960 (oak leaves) + 17.78%
21 June - 26 June 1960 + 19.73%
26 July - 2 Aug 1960 +20.76%
23 Aug - 6 Sept 1960 + 18. 10%

6 Sept - 20 Sept 1960 + 19.57%
27 Sept - 4 Oct 1960 + 17.19%

4 Oct -11 Oct 1960 + 17.19%
1 Nov - 17 Nov 1960 + 14.09%
1 Dec - 11 Dec 1960 + 12.02%

31. Dec 1960 - 18 Jan 1961 + 9.04%
18 Jan - 25 Jan 1961 + 15.42%
18 Jan - 25 Jan 1961 (Closter, N.J.)

1 Feb - 8 Feb 1961 + 19.13%
16 March - 3 Apr 1961 +20.42%
16 Apr - 1 May 1961 + 15.63%

Counting error = + 1.5% except for samples collected 5-12 April 1960, and
18 Jan - 25 Jan 1961 (Closter, N. J. ) which, because of small size, had an
error of + 2.5%
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4
Olson , which are also given in Figure 1.4. In this diagram our data are

represented as quarterly averages of the carbon- 14 concentrations in tropospheric

air. Also indicated in Figure 1, 3 is the variability of strontiunm-90 concentrations

in precipitation at Westwood, New Jersey, observed during 1960 and early 1961.

This area is close to the regions for which carbon-14 results are available

(Washington Township, New Jersey, Palisades, New York, Rockleigh, New Jersey

and Alpine, New Jersey) and further serves to show the rate at which nuclear

debris entered the troposphere from the stratosphere during this period under

examination.

Discussion

Two features of the variability of carbon-14 concentrations in tropospheric

air are distinguishable in Figures 1.3 and 1.4. First the concentrations at

Washington Township do not exhibit smooth variations with time. There is a

pronounced minimum in the curve of concentrations with timq during the month

of January 1961. It appears that the decline in carbon-14 activity in air, as shdwn

in Figure 1.3 commenced probably in August with only an intermittent rise

occurring in September 1960. Following the minimum in January 1961, the

radiocarbon concentrations in tropospheric air at Washington Township underwent

a sharp increase which continued through March 1961. Although the strontium-90

concentrations in precipitation in the immediate vicinity 5 indicate that there was a

definite increase in the rate of influx of stratospheric debris into the troposphere

during the spring of 1960,the carbon-14 concentrations give no apparent indication

of a similar behavior. Indeed, if such an injection of carbon-14 from the

stratosphere did occur then it was masked by removal or dilution of carbon-

14 during the period of injection. There is additional evidence in favor

of spring increase in the release of weapons debris from the stratosphere
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manifesting itself in the form of higher concentrations of tritium in pre cipitation

of Wesitwood,. New Jersey. These data will be discussed in the following

chapter.

The -solid curve i Figure 4. 1 appears to indicatethat the decrease in carbon- i4

concentration in tropospheric air which occurred in 1960 at Washington Township,

New Jersey was part of a more general decrease in this area which

commenced in late 1959. The question of most importance is whether the data

obtained at 41 *N latitude reflect the behavior of bomb carbon- 14 in the

northern hemispher.e or whether the changes observed are typical only of a

restricted area. Superimposed on the results from the New York metropolitan

area are two curves taken from a recent U. N. publircation6 which represent

average concentrations for the two hemispheres for the period of interest.

Admittedly these curves are drawn from limited data, and therefore they must be

considered as idealized. The reason for the New York area results lying somewhat

below the average for the northern hemisphere has been attributed to a latitudinal

effect in the influx of bomb carbon-14 into the troposphere from the stratosphere. 9

Some of the earlier results, however, appear to lie below the idealized curve for

the southern hemisphere.

If the curve shown in Figure 1.4 for the New York area is typical for the

northern hemisphere there- are certain far-reaching implications. It is generally

assumed that the bomb carbon-14 now present in the stratosphere and troposphere

will gradually equilibrate with the carbon in other reservoirs, the largest of which

is the ocean. The rates at which this equilibration will occur with the ocean have

been calculated from the steady state distribution of naturally occurring carbon-14

and the Suess effect 7 . It is possible to estimate this rate of exchange with the

oceans from our data and the results of Broecker and Olson4 for 1959. In the

simplest situation, if it is assumed that there has been no further addition of bomb
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carbon- 14 to the troposphere from mid- 1959 to mid- 1.960 and there is no net

return of bomb carbon- 14 from the oceans to the troposphere, the following

first order equation describing the rate of change of the number of carbon- 14

atoms in the troposphere may be applied.

dNT k NT
dt

Since the bomb carbon- 14 concentrations decreased by almost of a factor of 2

from mid- 1959 to mid- 1960 the value of the constant k is 0. 7(year)" 1, and thus

the mean life of carbon-14 in the troposphere before transfer to the oceans is

calculated to be 1. 4 years. Of course any addition of bomb carbon- 14 from the

stratosphere or oceans to the troposphere will reduce this mean residence time.

This result is considerably lower than founid by previous and more refined

calculations which yielded values in the region of 5-7 years. In addition to the

aforementioned assumptions it is also tacitly assumed that there was no mixing

between, the northern and southern hemispheres. Broecker and Olson 4 endeav-

oured to construct a model of the exchangeable carbon reservoirs and predict

the fate of bomb carbon- 14 using the best estimates of time constants which were

available. Their predictions indicated a rise for the concentrations of carbon- 14

in the troposphere of the northern and southern hemispheres for 1960 and not a

decrease as observed in our results, It appears, therefore, that if previous

data on the rates of exchange between the atmosphere and ocean are correct,

then our findings must be the result of some local effects and this area cannot

be considered typical for any calculations on a world-wide basis.
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A possible local effect which could cause such a decrease in carbon- 14

concentrations in the troposphere during 1959-60 is the release of large amounts

of carbon- 14-free carbon dioxide by the burning of fossil fuels. The presence of

heavy industry in New York and New Jersey lends credence to the possibility

that this could be important in restricted zones. On a larger scale it is possible

to predict the instantaneous effect of the release of given amounts of carbon

dioxide. Revelle and Suess 8 have estimated that in 1959 approximately 1016 g

carbon dioxide or 3 x 1015 g carbon were released to the atmosphere. If this

were confined to the 40!60 N latitude band (in which most of the fossil fuel is

probably burnt) and released instantaneously to the atmosphere it would produce

an immediate reduction in the carbon- 14 concentration of 5 percent in this

latitude band. Mixing outside the bands and the fact that the release is not

instantaneous will naturally serve to reduce this effect considerably. If a

smaller area is considered, in particular a heavily populated and industrialized

zone, it appears feasible that a transient reduction of about 10 percent in the

carbon-14 concentration in the troposphere could occur. It would, of course,

require optimum meteorological conditions to prevail and. this may be restrictive.

There is definite evidence, however, which suggests that local effects of the

burning of fossil fuel could be important. Indeed Suess effects of 3.5 -4 percent

reduction in the carbon- 14 concentration in the biosphere have been observed,

as opposed to other areas where the effect amounts to a reduction of only 1. 5

- 2 percent.
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SUMMARY

if, From this very limited study it may- be concl~ded that the simple theories

describing the uniform addition of carbon- 14 from the stratosphere to the trop-

osphere and removal by the oceans, etc. are not applicable in restricted areas.

Data from the New York area are in conflict with accepted theories on the rate

of exchange of carbon dioxide between the atmosphere and oceans. It is likely

that the rapid decreases in carbon- 14 concentrations in tropospheric air at

Washington Township are the result of local "Suess Effects" and future concen-

trations should increase from the minimum observed in January 1961. Contin-

ued observation of tropospheric air concentrations of carbon- 14 will be valuable

not only for determining the fate of nuclear bomb radiocarbon, but also for

throwing light on the possible variation of Suess Effects which may have occurred

prior to testing. This latter information is particularly valuable in radiocarbon

dating problems.
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CHAPTER 2

MEASUREMENTS OF TRITIUM IN PRECIPITATION

Studies of tritium concentrations in precipitation at various sites through-

out the world are important from two standpoints. Firstly, if the studies are

conducted on a continuous basis during and after weapons testing the results will

yield information on both stratospheric and tropospheric mixing processes. Secondly,

the results, in conjunction with other data on tritium distribution, may be used

to obtain much information on the hydrological cycle on a local and world-wide

scale.

Like carbon-14, tritium is also produced in the upper atmosphere by

natural processeA and thus we have a constant tritium background in precipitation,

surface and ground waters. Natural tritium has been used in investigations of

the physical processes of the hydrological cycle in much the. same manner as

bomb-produced tritium. Because of the higher tritium concentrations-experienced

during weapons testing periods,which.make the measurement of this- nuclide

much easier, and the fact that these elevated concentrations have appeared in

pulses, the uses of bomb tritium have outnumbered those of natural tritium.

Unfortunately, however, the lack of documentation of tritium concentrations in

precipitation has prevented the more widespread use of this tool.

In the work which has been conducted as part of HASP, we have con-

centrated more on the application of the results to the fallout problem rather

than on the hydrological implications. Comparison of the tritium and strontium-90
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concentrations in precipitation at Westwood, New Jersey indicates a remarkable

similarity in behavior of the two nuclides. It is believed that the observed

variations indicate that the tritium produced in weapons tests behaves in a manner

which is rather strongly dependent on the type and place of detonation of the shot,

i. e,.1 whether it is an air or ground burst, and whether it is detonated in the

humid tropics or the drier areas to the north. Comparison of our data with those

front other laboratories confirms the levels of the concentrations in this area,

with the exception that rains in Bedford, Massachusetts appear to have had tritium

concentrations which were almost an order of magnitude lower than those at

Westwood, New Jersey, Chicago and Ottawa.

EXPERIMENTAL PROCEDURES

Sample Collection

All precipitation. samples were collected in receivers on the roof of the

building at Isotopes, Inc. , in Westwood, New Jersey. Individual rains- were

uqually collected in a polyethylene tub 30 inches by 15 inches by 6 inches deep

situated alongside other collectors which were being exposed as part of the

AEC fallout program. After the sample was collected it was transferred to

a smaller glass or polyethylene container for storage while awaiting analysis.

Enrichment of Tritium in Precipitation Samples

In the majority of precipitation samples the tritium concentration was

so low that it could not immediately assayed. It was necessary,therefore to
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enrich the tritium relative to the other hydrogen isotopes in water to the point

where the tritium concentration in a given volume of water was much higher than

in a simila- volume of the original precipitation sample and could be determined

with ease. The amount of tritium enrichment which occurs in such a process

can be followed by monitoring the deuterium concentration in the sample both

before and after enrichment. The enrichment procedure used at Isotopes, Inc.

is a well-known electrolytic method developed by Kaufman and Libby 1 and is

described in the following sections.

The precipitation sample is first distilled to remove suspended and

dissolved impurities and a few milliliters are reserved for deuterium assay. A

250 ml aliquot of the distillate is then placed in a glass enrichment cell and

1 gram of sodium peroxide, which serves a-s the electrolyte, is added. The cell

is placed in a cooling bath which maintains the temperature of the solution at

about 10 C during the electrolysis. The iron cathode and nickel anode are

inserted and the sample is electrolyzed with about 5-7 amperes direct current

About 8 samples can be processed together and the desired volume reduction

occurs in 3 to 4 days.

When the sample has been reduced in volume to about 5 ml,the solution

is neutralized by bubbling carbon dioxide through it to prevent excessive loss of

hydrogen as sodium hydroxide. After neutralization, the sample is distilled to

dryness and the final volume of water is measured. The distilled sample is

stored in a tightly capped vial until deuterium and tritum analyses can be performed.
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Deuteriun and Tritium As says

Deuteriumanalyses which, as mentioned previously, are required to

determine accurately the tritium enrichm-nent factors, are performed using the

well-established falling drop method. The procedure used has been described

in detail by Kirshenbaum , Essentially the method depends upon the relationship

between the density of the water sample and its deuterium concentration. For

a constant drop size the rate of fall of a given drop of water through a liquid,

immiscible with and less dense than water, is directly related to the douteriurn

concentration of the water. A micro-pipette is used to deliver the water drops

and a constant temperature bath is used to maintain the temperature of the

immiscible organic liquid (in our case o-fluorotoluene) at 27 + 0.050C. With

this system the standard deviation of the determination is about + 5%.

The above method has one limitation in that it is extremely difficult to

determine accurately low concentrations of deuiterium such as are present in the

original precipitation sample. A mass spectrometric assay is to be preferred

at these concentrations. Since this was not available at the time, the natural

abundance of deuterium in precipitation0. 015 mole percent, was assumed,

Any deviations from this value for the deuterium concentration in precipitation

are not likely to cause an error of -,ore than +,3 percent in the enrichment ractor

used in the calculation of the tritium concentrations in the precipitation. This

estimation of the uncertainty is based on the observed variability of deuterium

concentrations in rains determined by Friedman and Smith 3 .
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Following the electriolysis,another aliquot of 1. 1 ml of the distilled

water is converted to hydrogen by pas-sing it over reagent grade, 20 mesh granular

zinc -at 400 'C(see Figure 2. 1). The possibility of any isotopic fractionation

occurring during this reaction-is eliminated because the reaction is quantitative.

The hydrogen produced is adsorbed on activated charcoal at liquid nitrogen

temperatures so as to maintain a low pressure within the conversion system.

When the reaction is complete the iiquid nitrogen is removed from the charcoal

trap and the hydrogen allowed to desorb and enter an evacuated proportional

counter. C. P, grade methane is added to the hydrogen in the counter until a

ratio of about 75 percent hydrogen, 25 percent methane is attained at a total

pressure of 1000 mm. Hg. Recordings of the temperature and pressure of the

hydrogen are made to enable the exact volume of hydrogen in the counter to be

calculated. It has been determined that the counting efficiency for tritium,

under the above conditions, is not affected significantly by varying the percentage

of hydrogen in the counting mixture over a range from 10 to 98 percent.

Two identical counters are used for the tritium activity measurements.

The counters have an active volume of 1. 01 liters and are surrounded by one

inch of mercury, a ring of 23 G-M cosmic ray counters operated in anti-

coincidence with the sample counters, 4 inches of paraffin wax, and 18 inches

of hot rolled steel. The associated electronics were specially constructed at

Isotopes, Inc. , in connection with other programs which involved measurement

of natural tritium concentrations.

Each sample is counted for a period sufficient to reduce the statistical

error of counting to less than + 3 percent. With the backgrounds of the two
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counters being 18. 0 and 20. 0 counts/min these tatistics are usually

Et obtained by counting the samples overnight. Background me-asurements- are

performed daily with C. P. grade tank hydrogen as the counter filling gas-. Com-

parison of this gas with hydrogen from unenriched deep sea-water samples indicates

the absence of any measurable activity.

Accuracy, Reproducibility and Theoretical Considergtions

The counters are calibrated routinely about once every four weeks with

an NBS standard tritium solution. Based on this standard our counters have an

efficiency of 85 + 2 percent. The count rates of the standard have been found to

be reproducible to within + 2 percent.

As a check on the enrichment procedure a sample of the NBS tritium

standard was spiked with deuteriuim to a concentration which was directly measur-

able by the falling-drop method. Three aliquots were then enriched separately

according to the above procedures and the final tritium and deuterium concentra-

tions were measured. The original tritium concentration was then calculated from

the final tritium measurement and the known deuterium enrichment which occurred

during the electrolysis. The results of these experiments are shown in Table 2. 1.

It is observed that there is excellent agreement between the three enriched samples

but all three are consistently lower than the unenriched tritium standard by about

13- 14 percent. The reason for this discrepancy is not clear at the present time

but it may be related to the fact that our enrichment procedure is not exactly the

same as Libby's original system. Consequently the enrichment factors may be

slightly different. Nevertheless, the fact that our data may be low by about 13
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Table 2. 1, Results of Experiment to Check Enrichmnent Procedures

Samnple Procedure Original Tritium
_________________ ___________ Concentration (T, U.)

R Unenriched 2200

R-1 Enriched 1920

R-2 Enriched 1930

R-3 Enriched 1890
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percent or so does not seriously alter any of our conclusions.

t has beep. mentioned previously that the extent of the tritiu-m enrichment

which occurs during the electrolysis is calculated from the measured enrichrent

of deuterium which occurs at the same time. These quaptities are related

as follows:

dP LdD dT
P D T

where P = number of moles of protium,

D = number of moles of deuterium,

T = number of moles of tritium.

If this equation is integrated over the limits of initial and final conditions

where P >> D >> T,

V(T)

0

or T TI V [Do V.
0 V D ' V ,

The primed quantities are now in molar fractions, V. is the initial volume,

D'j and T. the initial deuterium and tritium concentrations respe'Ctively. The

remaining quantities, with the exception of a and P, represent the final values after

enrichment. For the conditions of these experiments Kaufman and Libbyl have

shown that the value of n/a is equal to -2 1 + 0. I and this value was used in our

calculations.
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RESULTS AND DISCUSSION

The results of the trivium determinations in precipitation at Westwood,

New Jersey are given in Table ?. 2. Tritium concentrations are. expressed in

tritium units (T. U. ), where 1 T. U. is equivalent to 1 tritium atom per 1018 hydrogen

atoms. Also given in Table 2.2 are the dates when the rains occurred at Westwood

and the quantity of rain which fell during the storm, as measured in a standard

8 inch rain gauge.

In Figure 2. 2 the tritium concentrations are plotted as a function of time

together with the average monthly concentrations of strontium-90 observed during

the same period. From the spring of 1959 to the fall of 1960 it is clear that there

is remarkable agreement in the variability of the concentrations of the two nuclides.

One is led to the obvious conclusion that at this time the strontium- 90 and tritium

in .rain are governed by similar mechanisms. Since the major fraction of the

bomb debris deposited in this area during the spring of 1959 was derived from the

Soviet tests carried out in the Arctic regions in the fall at 19584, it is likely that

the majority of the tritium can also be attributed to this source for 1959. The

spring peak in nuclide concentrations observed in 1960 can be explained in a

straight forward manner for strontium-90 but not so for tritium. It is believed

that the strontium-90 is derived mainly from tests, other than Soviet, which were

conducted in 1958, i.e. , U.S.A. Hardtack series and U. K. Grapple series.

Probably included also in the strontium-90 fallout is a small contribution from

the high altitude detonations Teak and Orange. The source of the tritium in 1960

is not so clear. According to the early theory of Begemann and Libby5 , the tritium
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Table 2. 2. Tritium Concentrations in Precipitation at Westwood, New Jersey

Collection Date Inches of Rain- - Tritium Units
(T/ Hx 1018

28 Apr 59 0.95 1435
1 May 59 0.34 1370

13 Jun 59 1.00 843
14 Jul 59 0.22 650

9 Aug 59 2. 10 148
2Sep 59 0.92 38.5

24 Oct 59 1.41 86.5
25 Nov 59 1.33 46.5
29 Dec 59 1. 10 100
14 Jan 60 0.82 42.0
11 Feb 60 * 1.02 62.9
11 Feb 60 * 65.6
26 Feb 60 1.07 102
18Mar 60 0.28 76.0
31Mar 60 0.74 123
27 Apr 60 0.40 193
12 May 60 0.28 213
31 May 60 0.30 282
18 Jun 60 0.20 249

2 Jul 60 0.48 432
15 Jul 60 0.84 431
31 Jul 60 2.80 190
1lAug 60 1.49 249
13 Sep 60 5.01 100
17 Oct 60 0.50 75

Analytical error is about + 10%

* Duplicate analysis
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produced in weapons tests possesses a much shorter residence time in the

stratosphere than the fission products. It is believed that the tritium, which

is producedor is present in the weapon, is rapidly oxidized to water, and in the

case of the Castle test series t:he large amounts of water vaporized by the weapon

thus became labelled with tritium. Since the particles of ice and supercooled

water were much larger than those containing the fission products, they settled

rapidly, descended into the troposphere where they melted and were precipitated

in rain. Libby 5 suggests that the exponential decay of tritium concentrations

in precipitation in 1954 following the Castle series (with a mean residence time

T',-40 days) is indicative of the stratospheric residence time rather than a

tropospheric residence time of similar magnitude found for particulate debris.

Von Buttlar and Libby 6 cite a value of 3 days for the residence time of mositure

in the troposphere. The existence of a spring peak in tritium concentrations in

precipitation in 1959, not apparent in our data but clearly visible in the results

of Brown 7 , and again in 1960 are indications that the Begemann and Libby

picture is not adequate to explain all results, since the last major detonation of

a nuclear device took place in October 1958. An alternative explanation may be

proposed to explain the tritium concentrations observed in precipitation from

1954 through 1959. If, as is quite likely, the rate of removal of stratospheric

tritium is dependent on the type and the place of detonationmost of the tritium

data may be explained. When a device is exploded in the tropics, as was the

case for many of the United States and United Kingdom tests, then there is much

water vapor carried up into the stratosphere with the remainder of the debris.
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The cooler temperatures prevailing at higher altitudes cause. the water to freeze

or supercool and fall cut rapidly in much the same way as proposed by Begemann

and Libby. Exploding the device on a barge at sea in these low latitudes will

increase the possibility of occurrence of this mechanism. On the other hand, if

the device is detonated at higher latitudes in less humid conditions and,in particular,

if it is an air burst, there is much less moisture carried into the stratosphere with

the other debris. Consequently any tritium present as water now has a much better

chance of remaining in the vapor phase in the stratosphere. Fallout of tritium would,

therefore, not be as rapid under these latter conditions. Such a mechanism would

adequately explain the peak concentrations observed in precipitation during the

spring of 1959 five months after the last major explosion. As mentioned previously,

most of the radioactivity deposited in the northern hemisphere at that time

originated from the Soviet tests of 1958,which were performed in the relatively dry

Arctic regions.

The 1960 spring peak in tritium, as shown in Figure 2. 2,is much lower

than in 1959. That this observation is also related to meteorological phenomena

is much clearer from additional data obtained by Brown (see Figure 2. 3) than from

our results. Prior to testing the concentration of tritium in Ottawa rains was

15 T. U. ,but with subsequent releases of tritium the base level between peaks

gradually rose to 100 T. U. Brown accounts for this rise by evaporative recycling

of surface waters, which in late 1959 possessed a tritium concentration in the

Ottawa region of 300 T. U. Thus, the remaining 200 T. U. must be the result of

further injections of tritium from the stratosphere. In the New York area it is
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likely that the base level of tritium~in rain is somewhat lower than the 100 T. U.

because of greater contributions of Atlantic Ocean water, with a much lower

tritium content than 300 T. U. , to the precipitation in our area. This is also

S1parent A.3i the fact that our results for late 1959 decrease to a value of about

40 T. U. compared to 100 T. U. for the same period in Ottawa 7 (see Figure 2. 3).

It must therefore be concluded that the most likely reason for the high tritium

concentrations experienced in the spring of 1960 is a further injection of tritium

from the stratosphere in a manner similar to that experienced by particulate

debris. The exact source or sources of this material is more difficult to

establish, particularly since we have no stratospheric data available for tritium.

If such information were available it might be possible to assess whether Teak

and Orange, the high altitude detonations, are contributing much to the tritium

fallout at this time. There is no doukt, however, that the 1960 tritium must have

been derived from past tests and is probably a complex mixture of material with

the majority coming from the 1958 test series.

It must be pointed out that the above suggestions imply that triVAted

water, when it enters the troposphere from the stratosphere, behaves ina manner

similar to any accompanying particulate material. The 1959 results from Westwood

suggest that the mean residence time (71 of water in the troposphere is 40 days,

the same as for strontium-90 (Figure 2.2). If it is accepted that the tritium from

the Castle test series also exhibited such a residence period in the troposphere, an

extremely rapid northward movement of tritium must be visualized following the

detonation for the peak tritium concentrations to appear at Chicago so soon after
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the explosion. The residence time for this particular tritium in the stratosphere

must, therefore, be only a few hours to a few days. It is interesting to note from

the above considerations that the residence times of tritium in the stratosphere

appear to be much shorter than those for particulate material 'from the game

detonations.

The results from Westwood, New Jersey may be compared with similar

data obtained elsewhere. In Figure 2. 3 our tritium results are plotted as a

function of time together with measurements performed at Chicago8 , Ottawa, and

the University of California9 . The rains measured at the latter station were

actually collected at Bedford, Massachusetts, and should be almost directly

comparable with the results from Westwood because similar meteorological

conditions govern the weather in the two areas. It is noted, however, that the

Bedford results are almost an order of magnitude lower than the data obtained

at comparable times at Westwood. Furthermore, it is obvious that good agreement

exists between the tritium concentrations in rain at Westwood and those measured

at a more northerly station than Bedford, Massachusetts, namely Ottawa, Canada.

It would appear, therefore, that unless unique meteorological conditions influence

the tritium concentrations in rain at Bedford, there is a consistent difference in

the results from the four stations. Since the agreement is good for three of the

stations it may be concluded that the results from Bedford, Massachusetts are

probably low because of a calibration uncertainty. Futher intercalibrations

among the four laboratories appear necessary before any other deductions are

made.
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SUMMARY

The fallout of tritium in 1959 and 1960 was found to follow very closely

the deposition of strontium-90 during these years thus indicating that similar

factors probably govern the release of these materials from the stratosphere

and their removal from the troposphere. Since the peak concentrations in the

spring of 1959 and 1960 occur several months after the cessation of nuclear

tests, it is suggested that the fallout rate of tritium must be related to the area

and type of detonation. It is further hypothesized thattests conducted in the

humid tropics, and particularly so if they occur in barges at sea, will result

in a very rapid removal of tritium from the upper atmosphere. Those tests

performed in drier areas will yield much longer residence times for tritium

in the stratosphere. The former suggestion is similar to that proposed by

Begemann and Libby to explain the fallout of tritium following the Castle shot

except that we believe that the exponential decay of tritium concentrations in

precipitation following the peak is related to the rate of cleansing of the trop-

osphere rather than to the removal from the stratosphere. In all cases,

between 1954 and 1960, when tritium concentration reach a peak, it has been

noted 7 that the decrease of concentration from the peak value followed an

exponential decay with a half-time of about 28 days.

From a comparison of the data obtained at four laboratories during 1959

and 1960 it is suggested that the results from Bedford, Massachusetts are too

low. Further intercalibration between laboratories may reveal the reason for

this discrepancy.
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It would be useful, in establishing the source of tritium in precipitation

@i during 1960 and future years, to have more information on tritium in the strat-

L osphere for this period. In spite of this lack of data it is likely that the 1960

peak in tritium concentrations, which is almost certainly a result of influx of

tritium from the stratosphere, is derived from a number of nuclear tests

conducted in 1958, with some contribution from the high altitude rocket deto-

nations Teak and Orange and from tests of previous years.
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CHAPTER 3

THE DISTRIBUTION OF RADIOACTIVITY IN SOILS

Prior to this work in HASP research on the deposition of radioactivity

in soils has been designed primarily to ascertain the total amount of strontiurm-90

present on the surface of the earth as a result' of nuclear weapons testing.

Measurements of the vertical distribution of strontium-90 in soils were performed

mainly to establish that it was sufficient to procure a core of soil to a depth of

about six inches to ensure that almost all of the strontium-90 fallout was being

sampled. Only isolated field experiments have been conducted to determine the

factors which govern the distribution of strontium-90 with depth and the future

disposition of this nuclide in soils. Such information is important to determine

the probability of contamination of food products by radioactivity within the soils

and this problem has generally been attacked by laboratory and small-scale field

experiments.

From the point of view of the external radiological health hazard it is

obviously most important to know the deposition and distribution in soils of the

gamma emitting nuclides such as cepium-137. Suchinformation has generally

been inferred from the strontium-90 deposits and the theoretical production ratios

of the gamma active nuclides to strontium-90 in the fission process. Although this

approach is reasonably satisfactory when only the total amount of deposited radio-

activity is required, it is obviously of little use when the vertical distribution of

the gamma activity is the unknown factor. Such information cannot, of course,

be deduced immediately from the vertical distribution of strontium-90 within soils

because of the different chemical properties of strontium and the other nuclides.

In the case of cesium -137 an activity production ratio of Csl37/Sr 9 0 of 1.7 + 0.5

can be assumed, and thus the total ccsium-137 deposit within the soils can be

calculatcd by multiplication of the strontium-90 deposit by the above ratio. However,
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because of the greater adsorption of cesium-137 on clay minerals compared to

strontium.-94 it is expected that the cesiurn-137 will tcnti to be more cvncentrated

in the upper layers of the soils than the strontium-90. The exact distribution of

cesium-137 with depth in soils can -only be determined, therefore, by diroct

radiochemical or gamma-ray spectroscopic analyses.

Several chemical and physical parameters probably influence the vertical

distribution of fallout radioactivity within soils. These factors include, type and

amount of precipitation deposited on the soil, drainage and permeability of the

material, topography of the area being sampled, shadowing effect of nearby

buildings and trees etc, organic content of the soil, pH, extent of disturbance of

the upper layers (for example by plowing)? composition of the soils and any

peculiar chemical properties of the soil, such as a high glauconite content

exhibited by certain soils in the state of New Jersey. How important these factors

are in influencing the deposit and distribution of radioactivity within the soil is

well-established for some but poorly known for others. It is fairly widely accepted,

although by no means certain, that precipitation is the main carrier for the deposition

of radioactive fallout. Hence, the type, amount, and occurrence of rainfall is an

extremely important factor influencing the distribution of radioactivity in soils.

On the other hand, there are few data on the effects of drainage and permeability

of the soil. One of the objectives of the present investigation was therefore to

define at least some of the factors responsible for the distribution of radioactivity

in soils. Fortunately within New Jersey there exists a wide range of soil types

covering areas of excellent and poor drainage, high and low permeability, high

and low organic content, and,of course, disturbed and undisturbed sites. The

undisturbed sites are those which have been subject only to natural processes

during the past 10 years or so since radioactive fallout from nuclear weapons

testing became appreciable. For these reasons several soil samples were collected
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in New Jersey during the summer of 1960. In addition a few samples were

collected in the state of Kansas, ain area of contrasting niajor soil classificatona

Samples were collected in the above areas with a specially designed

coring device. The soils were. then returned to the laborarory, where they were

removed from the corer by an extrusion process, crushed, ground, and blended.

Aliquots from several depths in the core were then separated for radiochemical

analysis. In the following sections full descriptions of the the above procedures

are presented and the results of the analyses are given. The significance of the

data from the radiological hazard point of view and the light they shed on the

factors governing the vertical distribution of radioactivity within the soils are

also discussed.
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DESCRIPTION OF SOIL SAMPLES

The following descriptions of soil samples collected in New Jersey

and Kansas during the summer of 1960 include only those samples which were

subsequently chosen for radiochemical analysis. Figure 3. 1 indicates the sample

sites chosen in New Jersey. This figure indicates the major land type areas in

New Jersey and was taken from a more comprehensive map compiled by the New

Jersey Agricultural Experimental Station, Rutgers University and the Soil

Conservation Service, U.S.D.A., N. J., in 1954.
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Table 3. 1 Description of Soil Sampling Sites in New Jersey and Kansas

Isotopes, Inc. Soil Sample Number 4

Location: New Jersey -. 70 yards west of N. J. Route #34, 100 yards
north of Holmdel Nursing Home, Holmdel, Monmouth County.

Site: Undisturbed, untreated pastureland located in inner (heavier)
belt of northern Atlantic Coastal Plain. Well-drained sile
on gently sloping (4%) upland not subject to appreciable
ponding, overflow, high water table, soil accumulation or
erosion. Permeable, sandy loam surface soil with texturally
contrasting, moderately permeable, sandy clay loam subsoil
overlying sandier, more rapidly permeable substratum.

Date of Sampling: August 3, 1960

Soil Type and Collington Sandy Loam, Gray-Brown Podzolic
Classification:

Described by: M. A. Hawkins and C. F. Eby

Soil Zone Description

Ap 0-10" Very dark grayish brown (IOYR 3/2)* sandy loam; weak
medium subangular blocky breaking to weak fine subangular
blocky structure; friable when moist; relatively free of gravel;
many fine roots; few worm channels; horizon terminates in
a pebble line; abrupt, smooth boundary. 10" thick.

AID I 10-15" Dark brown (IOYR 3/3) gravelly sandy loam; weak fine sub-
angular block breaking to weak medium to fine crumb structure;
when moist; few fine roots; abundant quartzose gravel (1/4
to 3" in diameter); gradual wavy boundary. 5" thick.

BID 2 15-24" Dark yellowish brown (IOYR 4/4) gravelly sand loam ground
mass; dark brown (10YR 3/3) organic staining; weak medium
subangular blocky breaking to weak fine subangular blocky
structure; friable when moist; quartzose (1/2-2" in dia.)
gravels; very noticable absence of clay coating on sand grains,
some greensand (glauconite) has clay coatings; clear wavy
boundary, 9" thick.

B2 D2 24-34" Dark yellowish brown (10YR 4/4) sandy clay loam; moderate
coursc subangular blocky breaking to moderate medium sub-
angular blocky breaking to weak fine subangular blocky struc-
tures; firm in place, friable when removed; moist; thin
incomplete or discontinous clay films on ped surfaces; few
fine pores; abrupt smooth boundary. 10" thick.
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Saan-ple Number 4 (continued)

$oil Zone Description

D 34-38" Yellowish brown (10YR 5/8) gravelly sandy loam; weak
medium subangular blpcky structure; friable when moist;
no .roots; no worm chann6ls; greeneand predominates ground
mass; some reworked iron stone; diffused wavy boundary.
4 inches thick.

D4 38"+ Greensand (not covered in Munsel Color Chart); "sandy sandy
loam"; weak fine crumb structure; friable when moist.

Remarks: Soil contains moderate amount of glauconite (10-30 percent)
in upper two feet. Soil colours determined by use of Munsel
Color Chart.

* Soil described here was very moist. Colors for dry soil
one to two units higher in value.

0

I
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~, ~Isotopes, Inc. , Soil Sampling Site Number 5

Liocation: New Jersey - In cornfield 30 yards east of N. J. Route #34
directly across from Holmdel Nursing Home (see Number 4).

Site: Disturbed site regularly cultivated during past 8 years
including liming and fertilizing and located within the inner
(heavier) belt of northern Atlantic Coastal Plain. Well-
drained site on gently sloping (2%) upland not subject to
appreciable ponding, overflow, high water table, soil
accumulation or erosion. Permeable, sandy loam surface
soil with texturally contrasting, moderately permeable,
clayey s4ndy loam subsoil overlying sandier, more rapidly
permeable substratuln.

Date of Sampling: August 3, 1960

Soil Type and Collington Sandy Lonam, Gray-Brown Podzolic
Classification:

Described by: M. A. Hawkins and C. F. Eby

Soil Zone Des cription

A 0-10" Very dark grayish (1OYR 3/2) sandy loam, weak medium
subangular blocky breaking to weak fine crumb structure:
friable when moist; relatively free of gravel; few worm
channels; few fine roots; abrupt smooth boundary. 10" thick.

B2 10-22" Dark yellowish brown (lOYR 4/4) clayey sandy loam; moderate
medium angular to subangular blocky breaking to weak fine
subangular block structure; friable when moist; few fine
roots; no apparent clay skins; gradual wavy boundary. 12" thick.

C 22-36" Yellowish brown (IOYR 5/6) sandy loam; weak coarse angular
blocky breaking to weak fine subangular blocky structure;
friable when moist; few discontinous oxidized bands 1/8-14"
thick; clear smooth boundary. 14" thick.

D 36" Yellowish brown (10YR 5/6) "sandy sandy loam", (50% green-
sand) weak coarse angular blocky breaking to weak fine cruinb
structure; friable when moist; a definite pebble line intermixed
with upper part of horizon (2-3" thick) with quartzose gravel
I/2" in dia. : greensand increases with depth; no roots; no
work channels; no clay films.

Remarks: Material is high to medium in glauconite content mixed with sand.
Soil colors determined by use of Munsel Color Chart while moist.
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Isotopes, Inc., Soil Sanple Number 7

Location: New Jersey - 50 yards southeast of County Route 549, 300 yards
southeast of County Rout 547 on Horace Migill Farm,
Squankum, Monmouth County.

Site: Undisturbed pastureland, probably limed and fertilized
regularly, located in outer (sandier) belt of northern Atlantic
Coastal Plain. Very poorly drained profile but at time of
sampling water table was below 4 feet. Probably tile drained
so that water table probably now never higher than I foot below
surface. Low slope(l%) not subject to appreciable ponding,
overflow, soil accumulation or erosion. Rapidly permeable,
thick (17"), highly organic, fine sandy soil overlying very
rapidly permeable, fine sandy subsoil and substratum. No
orterde or ortstein in profile.

Date of Sampling: August 4, 1960

Soil Type and Rutledge fine sandy loam, Half Bog
Classification:

Described by: M. A. Hawkins and C. F. Eby

Soil Zone Description

Ap 0-10" Black (N 2/0) loamy fine sand and organic matter; weak medium
subangula- blocky breaking to weak medium crumb; ffiable when

moist; many fine roots; few quartzitic pebbles (1/4-1/2" dia. );
few worm channels; abrupt smooth boundary. 10" thick.

All 10-14" Dark gray (N 4/0) loamy fine sand; single grain; loose when
moist; sand grains did not have clay coats; relatively clean;
no pebbles; no roots; no worm channels; clear wavy boundary.
4" thick.

AI 2 14-17" Very dark brown (lOYR 2/2) loamy fine sand; single grain;
very friable when moist; no roots; no pebbles; no worm channels;
humus very pronounced; gradual wavy boundary. 311 thick.

B2g 17-25" Mottled yellowish brown (10YR 5/8) and gray (IOYR 6/l)sandy, fine
sandy ln many coarse, prominent mottles; very weak medium
subangular blocky breaking to weak fine crumb structure;
friable when moist; no pebbles; no rqots; no roots; no worm
channels; clear wavy boundary. 6" thick.
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Sample Number 7 (continued)

C 25" - Mottled brown (7. 5YR 5/2) and yellowish brown (IOYR 5/8)
loamy fine sand; inedium prominent mottles conmon; single
grain structure; friable when moist.

Remarks: Soil colors determined by use of Munsel Color Chart

Isotopes, Inc., Soil Sample Number 8

Location: New Jersey - In English Setter Club, 1/2 mile north of
Medford, Burlington County

Site: Undisturbed grass; weeds and shrubs mowed high for dog
field trials. No lime, fertilization or cuL "'-n for at least
8 years. Located in inner (heavier) belt of northern Atlantic
Coastal Plain. Well-drained site on gently sloping upland not
subject to appreciable ponding, overflow, high water. table,
soil accumulation or erosion. Topsoil moderately permeable,
subsoil slow, substratum morderately permeable.

Date of Sampling: August 8, 1960

Soil Type and
Classification: Marlton sandy loam, Gray-Brown Podzolic

Described by: M. A. Hawkins and C. F. Eby

Soil Zone Description

Ap 0-6t Dark olive gray (5Y 3/2) sandy loam, weak fine granular struc-
ture; very friable when moist; abundant roots; about 5% rounded
quartz pebbles; abrupt, smooth boundary.

Aa 6-10" Dark olive (5Y 3/3) sandy loam; weak fine granular structure;
friable when moist; many roots; about 5% rounded quartz
pebbles; gradual smooth boundary.

B 2 10-30" Dark olive (5Y 3/3) or a little greener clay; strong coarse
blocky toward prismatic; very firm when moist, very plastic
when wet; roots common in upper part, few in lower; abundant,
continuous clay films on ped surfaces; gradual, smooth boundary,
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Sample Number 8 (continued)

B3 30-44" Stratified alternating layers of dark olive (5Y 3/3) sandy clay
and sandy clay loam; massive but granules of glauconite

Fdominate; firm to friable when moist, plastic when wet; few
roots; many small granular iron concretions; gradual,
smooth boundary.

C 44-54" Dark olive (5Y 3/3) sandy clay loam; massive but granules
of glauconite dominate; firm in place, friable when removed,
plastic when wet; very few roots; a few small granular iron
concretions.

Remarks: Soil contains abundant (more than 30%) glauconite throughout,
Soil colors determined by use of Munsel Color Chart.

Isotopes, Inc. , Soil Sample Number 10

Location: New Jersey - Next to Wharton Tract, 3 miles south of Medford
and 1 mile north of Jackson, Burlington County. Owner-

Site: Undisturbed in weeds and perennial shrubs adjacentto'cranberry
bog, mowed to reduce frost hazard. Never limed or fertilized.
Located in outer (very sandy-) belt of northern Atlantic Coastal
Plain. State geologic map designates area as being underlain
by Cohansey Sand. Excessively well-drained site on gently
sloping top of a sand mound bordering the bog area. Not
subject to ponding, overflow, high water table, soil accumu-
lation or erosion. Very rapidly permeable sand throughout.

Date of Sampling: August 8, 1960

Soil Type and
Classification: Lakewood sand, Podzol,

Soil Zone Description

A, 0-4 '1 Very dark gray (N 3/0) sand; single grain structure; loose;
roots common; individual sand grains light gray; abrupt,
smooth boundary.

A2 4-l(' Light grayish brown (7. SYR 6/2) sand; single grain structure
loose; few roots; abrupt irregular (tongued) boundary.

B 10-28" Yellowish brown (10YR 5/6) sand with many tongues of material
from horizon above; single grain structure; loose; few roots;
gradual wavy boundary.

204



Sample Number 10 (continued)

C 28-54" Light yellowish-brown (l0YR 6/4) sand with few, fine, faint
mottles in lower part; single grain structure; loose; few
roots. No free water to 541.

Remarks: Soil colors determined by use of Munsel Color Chart.

Isotopes, Inc. , .Soil Sample Number 11

Location: New Jersey - adjacent to sample 10, next to Wharton Tract,
3 miles south of Medford, 1 mile north of Jackson, Burlington
County. Owner-Brick.

Site: Undisturbed in perennial grasses and shrubs, mowed to reduce
frost hazard. Not cultivated, limed or fertilized for at least
8 years. Located in outer (very sandy) belt of northern
Atlantic Coastal Plain. Poorly drained site with water table at
or near surface for a large portion of the year, but at 50"
when sampled. In a shallow depression but not subject to
appreciable ponding, overflow, soil accumulation or erosion.
Very rapid permeable throughout.

Date of Sampling: August 8, 1960

Soil Type and
Classification: Leon sand, ground water Podzol.

Described by: M. L. Markley

Soil Zone Description

A 1  0-5" Dark gray (N 4/0) sand; single grain structure; loose; roots
common; j1hdividual sand grains light gray; abrupt, smooth
boundary.

A2  5-20" Pinkish-gray (SYR 6/2) sand; single grain structure; loose;
few roots; abrupt smooth boundary.

B2h 20-22" Very dark brown (10YR 2/Z) sandy loam; massive; friable;
roots common; abrupt smooth boundary.

B2ir 22-24" Dark reddish-brown (SYR 3/3) sandy loam; massive; friable;
roots common, abrupt, smooth boundary.
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Sample Number 11 (continued)

B3 24-36" Yellowish-brown (lOYR 5/4) sand; single grain strutiflure;
loose; few roots; gradual smooth boundary.

C 36-50" Brown (10YR 5/3) samd; single grain structure; loose; few
roots; dark brown, weakly cemented, stringers or lenses
2-4" thick.

01" Free water.

Remarks: Soil colors determined by use of Munsel Color Chart.

Isotopes, Inc. , Soil Sample Number 13

Location: New Jersey - 100 yards south of silo on E. 3'. Crouse farm
on Commissioners Pike, Salem County.

Site: Undisturbed site of grass, weeds, red cedar saplings, located
in inner (heavy) belt of northern Atlantic Coastal Plain.
Seasonally wet (moderately well-drained to somewhat poorly
drained) gentle slope Z to 3%, not subject to ovierflow, soil
accumulation or active erosion. Soil was developed from
non- glauconitic clays and is slowly permeable throughout.

Date of Sampling: August 10, 1960

Soil Type and Keyport sandy clay, Red Yellow Podzolic intergrading to
Classification: Gray Brown Podzolic."

Described by: V. R. Powley

Soil Zone Description

A p 0-2" Dark brown (IOYR 3/3) sandy clay; weak fine subangular
blocky structure; plastic when wet. 1 1/2 - 2" thick.

Apz 2-7" Strong brown (7. 5YR 5/6) unmottled sandy clay; very weak,
medium subangular blocky structure; plastic when wet; 4-5"1
thick.

B21 7-Il" Strong brown (7. SYR 5/6) clay with few, fine, distinct, yellow-
ish-red (SYR 5/6) and pale brown (lOYR 8/3) to light gray
mottles; strong, very fine to medium subangular blocky
structure; very plastic when wet.
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Sample Namber 13 (continued)

BiZg 11-16" Strong brown (7. SYR 5/6) clay with common, fine, distinct,
yellowish red (SYR 5/6) and pale brown mottles, strong,
medium to fine, subangular blocky structure; very plastic
when wet; roots common.

Cg 16-46" Strong brown (7. 5YR 5/6) clay with many fine to coarse,
distinct yellowish red (SYR 5/6) and pale brown (1OYR 8/3)
mottles; structure obscure; plastic when wet. Slightly sandier
than horizon above.

Remarks: Soil colors determined by use of Munsel Color Chart.

Isotopes, Inc. , Soil Sample Number 17

Location: New Jersey - 1/2 mile north on Lehigh Road from intersection
with Fort Mott Road, Salem County.

Site: Undisturbed with brome sedge, weeds, very small wid cherry
and sumac, located on Delaware Bay terrace in the northern
Atlantic Coastal Plain. Moderately well-drained toward
well-drained, on gently sloping 2% terrace, approximately 10
feet above tide. Not subject to overflow, soil accumulation,
or erosion. Fluctuating water table between 4 and 6 feet depth.
Permeable sandy loam surface, moderately to rapidly per-
meable subsoil, rapidly permeable substratum. Soil developed
on non-glauconitic estuarine sandy loam materials, strongly
acid.

Date of Sampling: August 9, 1960

Soil Type and
Classification: Woodstown sandy loam, Gray Brown Podzolic intergrading

to Red Yellow Podzolic.

Described by: V. R. Powley

Soil Zone Description

Ap 0-1 1/4" Brown (lOYR 4/3) moist (sandy), sandy loam; single grain
structure; very friable; abrupt srrouth boundary. 1-1 1/4"1 thick.

AP2 1 1/4-6" Yellowish-brown (IOYR 5/6) moist sandy loam; single grain
structure; very friable; clear smooth boundary. 4-3/4-5" thick.
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Sample Number 17 (continued)

B 1  6..10" Transitional to strong brown (7. SYR 5/6) moist slightly clayey
sandy loam; massive; friable; gradual s.nooth k4oundary.
2-4" thick.

1B2  10-22" Strong brown (7. SYR 5/6) mnoist sandy, sandy clay loam;
weak, medium subangular blocky structure; friable; gradual
smooth boundary.

B 3  22-25" Strong brown (7, 5YR 5/6) moist sandy, sandy clay loam with
few, coarse, prominent pale brown (10 YR 6/3) and somewhat
finer rust mottles; massive; friable; clear boundary.

C1  25-28" Strong brown (7.5YR 5/6) moist (sandy), sandy loam, unmottled;
single grain structure; very friable; clear smooth boundary.

C2  28-37" Strong brown (7. 5YR 5/6) moist (sandy), loam with a few
course distinct (10YR 6/4) and fine to coarse rust mottles.

Remarks: Soil colors determined by use of Munsel Color Chart.

Isotopes, Inc. , Soil Sample Number 18

Location: New Jersey - 1 1/2 miles due west of Ringoes, Hunterdon
County.

Site: Undisturbed site in hay field not plowed for at least 15-20
years. Limed, fertilized and mowed regularly and located
in the unglaciated Triassic lowlands of New Jersey. Well-
drained, slope 1 percent, not subject to overflow, soil
accumulation, erosion or high water table. Moderately
permeable silt loam soil, subsoil and bedrock. Soil developed
from silty (Aeolian?) mantle overlying red silty shale bed-
rock at about 4 feet.

Date of Sampling: August 30, 1960

Soil Type and Bucks silt loam, silty overlay, Gray Brown Podzolic
Classification: intergra'ding to Sol Brun Acides.

Described by: C. F. Jablonski
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Sample Number 18 (continued)

Soil Zone Description

A -0-,91 Dark yellowish brown (IOYR 3/4) moist silt loam; moderate,
medium crumb structure; friable in place, very friable when
removed; abundance of roots; pH 6. 6; clear boundary.

B 2 1 9-15"1 Reddish brown (SYR 4/4) moist clayey silt loam; very weak,
medium subangular blocky structure; firm in place, friable
when removed; some evidence of clay flows along ped faces
and along root channels; many roots, organic staining along
root channels; pH 5. 6; diffused boundary.

B2 2 1.5-25" Yellowish red (SYR 4/6) moist clayey silt loam; moderate
course, subangular blocky structure, breaking to moderate
medium, subangular blocky structure; moderately firm;
many fine roots; occasional soft shale fragments; clay flows
are much more evident along ped faces and root channels
than in horizon above; faint organic staining along worm holes
and root channels, shale fragments increase toward bottom
of horizon; pH 5. 2-5. 4.

B2D 25-37 t" Reddish brown to yellowish red (5YR 4/4-4/6) wet shaly,
slightly clayey silt loam; weak very coarse platy structure;
slightly sticky; p1 5. 0 or less; diffused boundary.

B3D 37-45" (2. 5YR 3/4-3/6) moist shaly loam; massive; very firm in
place, friable when removed; shale increases with depth;
pH 5. 0 or less.

DZ  451t'+ Red shale bedrock.

Remarks: Soil colors determined by use of Munsel Color Chart.

Z09



Isotopes, Inc., Soil Sample Number 19

Lo:ation: New Jersey - 1/4 mile south of Croton, Hunterdon County,
in outfield of baseball field,

Site: Undisturbed for 10-15 years., grass and weeds mowed regularly to
4 inches. No lime or fertilizer used. Location on the
Hunterdon Plateau in Triassic Lowland of New Jersey,
Poorly drained, level, not subject to overflow, soil accumu-
lation or erosion. Water table held close to surface most
of.the year by impervious argillite rock. Very slowly
permeable soil, subsoil, substratum and bedrock. Soil
developed from dark gray or dark red massive, hard, slightly
calcareous argillite bedrock of the Lockatong formation.

Date of Sampling: August 30, 1960

Soil Type and
Classification: Croton silt loam, Humic Gley

Described by: C. F. Jablonski

Soil Zone Description

Ap 0-9" Dark grayish-brown (lOYR 4/2) with 5% faint greyish mottles,
wet, heavy silt loam; moderate, medium to fine crumb structure
slightly sticky when wet, friable when moist; many roots;
organic staining along root channels, pH 5. 2-5.4: clear boundary.

Azg 9-. 16" Mottled light brownish-gray and yellowish-brown (IOYR 6/2
and 1OYR 5/8) wet silty clay loam; weak, very coarse platy
structure; sticky; few fine roots; pH 5. 2-5. 4; clear boundary.

B2g 16-26" Many fine and coarse, prominent mottles of reddish-brown,
light brown, pinkish-white (2. 5YR 5/4-4/4, lOYR 6/2, 7. 5YR
6/2) moist silty clay loam; very weak, very coarse platy
structure breaking to strong, coarse subangular blocky
structure; sticky when wet, firm to very firm when moist,
hard when dry; fine roots rare; pH 6. 4-6. 6.

B3g 26-38"± Dark brown (7. 5YR 4/4) moist; fine and coarse prominent
mottles 30-40% of surface (7. 5YR 6/2-5YR 6/2-6/3) silty
clay loam to silt loam; massive; extremely firm in place;
pH 6.4-6. 6.

Remarks: Soil colors determined by use of Munsel Color Chart.
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Isotopes, Inc. , Soil Sample Number 20

Location: New Jersey - De Boor Farin, West Portal, Hunterdon Coty,.
3 miles north of West Portal and U. S. Route #22.,

Site: Undisturbed pastureland, not limed but fertilized. , Icated
in area of old Jerseyan (Kansan?) glacialtill, south of
Wisconsin terminal moraine in the Reading Prong of the

New IEngland Physiographic Province. Soil material overlies
limestone bedrock.to a depth of 10-Z0cfeet. Site is well-drained
on gently sloping (2 to 3%) upland not subject to appreciable
ponding, overflow, high water table, soil accumulation or
erosion. Soil is moderately permeable throughout. Parent
soil material considered to be composed of limestone and
gueissic materials.

Date of Sampling: August 30, 1960

Soil Type and
Classification: Washington loam, Gray Brown Podzolic:

Described by: C. F. Jablonski

Soil Zone Description

A 0-9" Dark yellowish-brown (1OYR 3/4) moist silt loam; moderate,
medium granular structure; friable in place, very friable when
removed; abundant roots; pH 6. 8 to 7. 0 boundary clear.

B 2 1 9-12" Strong brown (7. 5YR 5/6) moist clayey loam; moderate, fine
to medium subangular blocky structure; friable to firm in place,
friable when removed; many roots; some evidence of clay flows;
some very small gneiss fragments; numerous worm holes filled
with organic stained soil; pH 7. 0 plus; boundary diffused.

B 2 2 17-29" Strong brown (7. 5YR 5/6) or slightly yellower moist clay loam;
strong, medium to coarse subangular blocky structure breaking
to moderate medium subangular to angular blocky structure;
friable; occasional fine roots; some clay flows along pod faces
and along worm holes; some very rotted gneiss particles as
well as some less weathered ones ranging in size from 1/4 to
1-1/4"1 diameter; many worm channels with organic stained
filling: p1H 7. 0 plus; boundary diffused.



Sample Number 20 (continued)

BZ 3 29-42" Strong brown (7. 5YR 5J6) to yellowish-brown (10YR 5/6)
moist, gritty clay loam; moderate medium subangular to
angular blocky -structure; much mnanganese (?) staining;
numer6us quartz pebbles 2-.3" in size, plus some limestone
fragments; pH 7. 0 plus; boundary diffused.

B 3  42-52"-. About as B2 3 horizon above but more gritty with a little less
clay; pH 7. 0 plus.

Remarks: Soil colors determined by use of Munsel Color Chart

Isotopes, Inc., Soil Sample Number 28

Location: Kansas - 1970 feet west and 2600 feet north of the southeast
corner of Section 33-T22S-R5W, Reno County. Owner -

Kansas Power and Light Company.

Site: Undisturbed site in upland, eolian sand on undulating topo-
graphy. Tall native grass, Bluestem, Indian and Switch.
Soil exhibits low runoff and is well-drained internally.

Date of Sampling: September 26, 1960

Soil Type and
Classification: Pratt loamy sand

Described by: James J. Rockers

Soil Zone Description

Al 0-7" Dark gray brown (10YR 4/2d) very dark brown (10YR 2/2m);
loamy sand; weak fine -granular; soft when dry, very friable
when moist; numerous roots; pH 6. 0; grades within about 2" to

A 3  7-12" Brown (10YR 5/3d) dark brown (10YR 3/3m); loamay sand;
moderate fine granular; soft when dry; very friable when
moist; numerous roots; pH 6. 0; grades within about 3" to

B2  1Z-24" Light yellowish brown (10YR 6/4d) dark yellowish brown
(10YR 4/4m); heavy loamy sand; moderate fine granular;
slightly hard when dry, friable when moist; numerous roots;
pH 6. 0; grades within about 4" to
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Sample Number 28 (continued)

C 24-40" Pale brown (OYR 6/3d) yellowish brown (lOYR 5/4ml; loamy

sand; single grain, loose when dry or moist; numerous
roots; pH 5. 5.

C 40-52" Same as horizonrabove, except moist color is light yellowish
brown (1OYR 6/4).

Remarks: pH determined using a Hellige kit. Soil colors determined
by use of Munsel Color Chart.

Isotopes, Inc. , Soil Sample Number 29

Location: Kansas - 1330 feet south and 660 feet west of the north east
corner of Section 8-T2ZS-R4W, Reno County. Owner
Eldo Prieb.

Site: Undisturbed site located on upland (elevation approximately
1700 feet) in blue-grama and Buffalo grass. Soil is well-
drained, permeability is moderately slow. The grass is
overgrazed and under virgin conditions Qr better management
the vegetation would be expected to be Bluestem, Indian
and Switch grass.

Date of Sampling: September 27, 1960

Soil Type and
Classification: Bethany silt loam (Native grass)

Described by: James J. Rockers

Soil Zone Description

A1  0-12" Dark brown (10YR 3/3d) very dark brown (10YR 2/2m) silt
loam; moderate medium granular; slightly hard when dry,
very friable ",hen -moist; many fine grass roots; pH 5.8;
grades within 2"? to

A 3  12-18" Dark brown (10YR 4/3d) (10YR 3/3m) light silty clay loam;
strong medium granular; hard when dry, friable when moist;
fine roots are common; pH 6. 0; grades within about 2" to
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Sample Number 29 (continued)

BZ1 18-37" Dark gray brown (lOYR 4/2d) very dark gray brown (1OYR
3/2m) silty clay; weak medium sub-angular blocky with
ailickensides of ten centimeters in diameter; extremely
hard when dry, very firm whenmoist; few roots; pH 6. 5;
grades within about 5" to

B2 2 37-45" Gray brown (2. 5Y 5/2d) olive brown (2. 5Y 4/4m) silty clay
loam; weak medium granular to massive; very hard when
dry, firm when moist; mildly calcareous with scattered
calcareous concretions some 5mm in diameter.

Remarks: A Hellige-Truog soil reaction tester was used to determine
pH. Soil colors determined by use of Munsel Color Chart.
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SAMPLE COLLECTION

In order to collect the large soil samples studied in this progran. it was

necessary to design and fabricate special equipment. The design of the equipment

and the procedures for sample handling and pretreatment were conceived and

directed toward the minimization of the possibilities of cross-contamination of

samples and contamination within any one sample from one depth to another.

The soil sampling equipment consisted of two main portions: (1) the corer

which was placed on the surface of the ground at the sampling site and driven into

the ground by (2) the corer driving rig. A description of the sampling equipment

and its operation is given below.

The Corer

The corer, designed and fabricated at Isotopes, Inc.., was basically a

steel cylinder with a 1/4 inch wall thickness, two feet long and one foot in

diameter. A diagram of the corer with accessory fittings is shown in Figure 3. 2.

One end of the cylinder was chamfered at a 45 degree angle, providing a cutting

edge to facilitate driving the corer into the ground. At the other end of the

cylinder, a flange in the form of a 12. 5 inch outside diameter annulus was butt

welded. The inside of the annulus was then machined flush with the inside wall of

the cylinder. A tight fitting metal cap, which was secured to the flange by three

countersunk 1/4" - Z0 hex cap :crews, served to prevent lovsof sample both

during and after the sampling operations. Two tapped holes in the cap, which were

used in fastening a bar handle for extractioaof the corer from the ground, served

as an air relief during insertion of the corer.
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The Core Driving Equipment

The core driving equipment consisted of: (a) the drive pipe, (b) the drive

hammer, and (c) the tripod winch, The drive pipe was a 2 inch i. p. s. galvanized

iron pipe 4.5 feet long, It was threaded at one end to fit into a 2 inch thick x

I I inch diameter steel flange. This flange, in turn, rested on the cap of the

corer and both the flange and the cap were joined together by means of 3 two-inch

hexagon socket screws. The function of the drive pipe was to guide the drive

hammer during its stroke to gain maximum impact on the corer.

The drive hammer was a cast iron cylindrical block with a 2 1/2 inch

center hole, forged steel eye-bolts and an extra heaVy chain for safe handling.

The dimensions of the hammer were 13 inches high and 11 inches in diameter and

it weighed 300 pounds.

A 9 pound steel drive ring with a 3 inch center hole was placed between

the driver hammer and the steel flange to protect the bottom face of the hammer,

The actual assemblage of the drive pipe, drive hammer, drive ring, and corer

is shown in Figure 3. 2.

The tripod-winch was a Lug-All, Model 1508 with 1500 pounds capacity

and a lifting distance from thO ground of 7 feet 2 inches. The. winch was side -

mounted to provide more head room and consisted of a crank with a two-speed

arrangement, a positive action brake which permitted controlled lowering, a

separate handbrake for lowering without the crank, a high grade steel cable, and

a simple overhead pulley arrangement.

The Sampling Operation

All the equipment, the drive pipe, the drive hammer and the tripod-

winch plus the corer, was assembled in the field in less than 30 minutes. The

actual sampling was carried out by 2 or 3 men in the following manner:
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Isotopes, Inc.

FIG. U2 SOIL CORER AND DRIVE WEIGHT



The tripod winch was set at its maximum operating height directly above

the chosen sampling site and the cable hook was lowered to locjs on the chain of

the 300 pound weight which -hd been placed to one side of the sampling site.

Precautions were taken not to disturb the sampling surface by making sure that

the weight did not scrape along the surface of the ground as it was being raised.

Once the weight was raised about 3 feet off the grovnd, the corer was placed

underneath with further caution against disturbing the sampling surface. The

drive ring was certered on the flange, and the drive hammer was cautiously

lowered and permitted to rest on the drive ring. The drive pipe was then

inserted through the drive hammer and ring and threaded into the flange.

The equipment was then ready for the actual sampling. This process

was performed in two phases: (a) insertion of the corer into the ground and (b)

removal of the corer and sample from the ground. The first operation was

carried out by repeated hammering of the weight on tire top of the corer.

Initially, the hammering was done with short strokes, 6-12 inches, to guide the

corer vertically until it assumed the desired direction. Then the driving operation

was intensified by making the weight travel up and down the length of the pipe

until the corer was entirely driven into the ground. The drive pipe was unthreaded,

the 300 pound weight and drive ring were pulled to one side and the steel flange

was removed. A cross bar-handle was secured to the cap of the cover by means

of two screws and the cable hook was secured to the bar-handle.

The second operation or extraction was done in one of two ways: if the

texture and sorting properties of the soil (i. e. clay) indicated a well packed

sample inside the corer, then the sample and corer were pulled directly with the

aid of the tripod winch. However, in the case of a loosely packed sample (i. e.

sand), a ditch, 1-2 feet wide was dug around the corer until the bottom of the

corer became visible. The corer was then cautiously hoisted up and a c6ver
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Isotopes, Inc.

FIG. 3.3 SOIL EXTRUDER
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plate was placed underneath to prevent losses due to shaking and handling. -in

every case, the type of soil was predetermined by "soil striking" around the site

with a small cork screw auger sampler.

Sampling was completed by assigning a sample number and covering

both ends of the corer with plastic film. The film was taped around the rim of

the corer to prevent loas of sample as well as contamination from the outside.

SAMPLE PRETREATMENT

Upon its arrival at Isotopes, Inc. and subsequent to recording the

collection data, the soil sample was extruded from the steel corer. This

operation was performed with an extruder expe'cially designed and built at

Isotopes, Inc. The design was based on a model originally used at Sandia Base,

Sandia Corporation, Albuquerque, New Mexico. Plans oi such a model were

made available to Isotopes, Inc. by Dr. Foster and Dr. Cowan of Sandia Corporation.

The extruder shown in Figure 3.3 was built on the principle of a

stationary piston against which a piston chamber was pulled down. In order to

extrude a sample, the bottom and (the end representing the lowest depth) of the

corer was placed on and fastened to the piston plate by means of a flange ring.

The piston plate was held axially by a threaded hub on to a threaded rod. It was

further supported radially by three equidistant guid rods with guide bushings. By

the downward movement of the piston plate which wast caused by rotating the

threaded rod, the sample was displaced upward along the length of the corer. The

extrusion was carried out in increments of several thicknesses, the first of

which represented the surface of the sample. In general, the sequence of

increments, starting at the surface, was 0-1/2, 1/2-1, 2-3, 3-4, 4-6, 6-9, 9 -12b

12-18 and 18-24 inches. As each section emerged, a sharp edged steel cylinder,

8 inches in diameter and with a height equal to the thickness of the increment, was

driven down into the increment. The sample outside the steel cylinder was
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discarded and only the 8 inch cut was weighed, given a sample and increment

number, and reserved for subsequent operations. This procedure eliminated

any cross contamination of the lower depths by upper layers of soil as a result

of entrainment of material by the walls of the corer during sampling.

In the case of a few samples, the mode of extrusion was altered to meet

the problem of compaction. Because of the texture of some samples, it was

impossible to extrude the 24 inch cores. It then became necessary to split the

cores into two 12 inch sections by means of a band saw. In this manner, the

extruder had no difficulty in handling half a core and extrusion was continued

as in the case of a whole core.

After it had been spread on an evaporating pan, the soil increment was

dried overnight in an oven at 110 *C and again weighed to determine its moisture

content. The sample was then passed through the jaw-openings of a D. F. C.

Laboratory Crusher, Model 20840. (See Figure 3.4.) The 4 mesh effluent was

further reduced to 100 mesh by passing it through the Iler Disc Pulverizer twice.

The fine material was collected in a sample pan located below the grinding discs

(see Figure 3.5). Finally the sample, depending on its size, was introduced

into a 2, 4 or 8 quart capacity plexiglass twin.,shell of a Patterson-Kelley Blender

(see Figure 3.6). The sample was blended for 1 hour, collected in a plastic bag,

weighed, and reserved for radiochemical analysis.
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Figre 4.Soil ioid Rock Crusher
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I THE RADIOCHEMICAL DETERMINATION OF STRONTIUM-90, RUTHENIUM-
106, CESIUM-137 AND CERIUM-144 IN SOILS

The following is a description of the analytical methods for the

radiochemical analysis of HASP soil samples. A sequential scheme of analysis

was developed for strontium-90, cesium-137 and cerium-.144 as shown in

Figure 3. 7. A separate aliquot was taken for the analysis of ruthenium-106.

Consideable research was devoted to an unsuccessful attempt to include a

plutonium analysis in the sequential scheme. Because of the very low activity

levels (ow 1 dpm) associated with the maximum sample size which could be

accommodated (A. 100 grams), and because of the relatively high concentrations

of naturally occurring alpha emitters in the soil, a satisfactory plutonium analysis

was not developed for the soil program.

Spectrographic analysis of a soil aliquot from each core showed that

the naturally occurring cerium content varied from less than 10 ppm to 94 ppm,

depending on the soil type. Therefore, appropriate corrections were applied

to all cerium-144 chemical yields. The naturally occurring cesium content was

also spectrographically determined but no Cesium-137 chemical yield

corrections were applied since no sample contained more than 6 ppm of cesium.
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The Sequential Separation of Strontium-90, Cesium-137 and Cerium-144

1, To a 100 grn aliquot of dry, homogenized soil smple contained in a 250 ml
beaker, add 1 ml of Sr 8 5 spike solution (approximately 25, 000 cpm/ml)
and 20 mg of strontium, cesium and cerium carriers. Mix thoroughly and
dry in an oven at 1100 C for 2- 3 hours.

Z. Add 200 gm of NaOH pellets to the dry soil sample and mix thoroughly.

3. Melt 100 gm of NaOH pellets in a 500 ml nickel crucible and rotate the
crucible to coat the walls with melt as high as I I/2 inches from the
top.

4. Cool the Ni crucible, transfer the soil-NaOlI pellet mixture to the
crucible and cover with 50 gm of NaOH.

5. Place the crucible on a tripod and heat with four Meeker burners.
When the mixture begins to melt, stir with a glass rod. (CAUTION:
some frothing will occur, but can be controlled by stirring and
regulating heat.)

6. When the frothing has diminished, stir in 50 gm of NaZOZ and heat in a
muffle furnace at 6500 C for 1/2 hour. Remove the crucible from the
furnace, add 25 gm of Na2 O 2 and heat in the furnace at 7000 C for
I hour.

7. Cool the crucible to room temperature and remove the flux by gently
tapping the sides and bottom of the crucible.

8. Transfer the flux to a 2 liter beaker and add enough water to cover the
melt. Add 400 ml of HzO to the nickel crucible, place a cover glass
over the top and heat on a hot plate until strong refluxing is evident.
Combine the wash with the flux in the Z liter beaker.

9. Heat the mixture until the large particles are broken, then heat for 1
hour with mechanical stirring to remove all traces of NaZO .

10. Cool, add 500 ml of concentrated HCI, 100 ml of saturated Na 2 CO3
and heat the solution for 1 hour with mechanical stirring.

11. Cool the mixture to room temperature and vacuum filter through
a glass fiber filter paper contained in a 15 cm Buchner funnel. Wash
the precipitate with hot H 20 to remove salts and reserve the filtrate
for the cemium-137 purification procedure.

12. Transfer the precipitate and filter paper containing the strontium and
cerium fraction to a I Liter beaker. Wash the Buchner funnel with
concentrated HC1 until all of the precipitate is removed. Combine the
wash and precipitate.

13. Add to the combined wash and precipitate 500 m1 of concentrated ICI1
and heat the solution until the filter paper has disintegrated into
small pieces.
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14. Add 3 gn of NaI, place a cover glass over the beaker and heat the solution
until 12 vapors are no longer evident. Cool the' solution in a cold water
bath and filter through a 15 cm Whatman No. 41 filter paper contained in'

a Bgchaer {uannle. Wash the residue with hot 6.x lICd until colorless.
Discard the residue.

15. Evaporate the filtrate and wash soluthin to a volume of approximately
300 ml and add NaOH until the pH is 14, Add 51) ml of saturated
Na 2CO3, digest on a hot plate for lp minute., and filter the solution
through a Buchner funnel containing 15 cm glass fit-er filter paper..
Wash the precipitate with ZN NaOH and filter to complete dryness.
Discard the filtrate.

16. Transfer the precipitate and filter paper to a 600 ml beaker and add
150 ml of concentrated HNO3. Wash the Buchner funnel with concentrated
HNO3 and add the wash to the 600 ml beaker.

17. Boil the mixture on a hot plate until the filter paper in completely
macerated. Filter the solution through a Buchner funnel containing
a 9 cm glass fiber filter paper (Note 1) and wash the precipitate with
50 ml of H2O. Discard the precipitate.

18. Transfer the filtrate to a clean I liter beaker and evaporate to about
25 ml (Note 2). Cool and filter the mixture through a 3uchner funnel
containing a 9 cm glass fiber filter paper. Wash the precipitate with
9N HNO3 and discard the precipitate.

19. Transfer the filtrate to a 150 ml beaker, hoat to boiling on a hot plate
and add 1 gm of KCIO 4.

20. Filter the mixture through a Buchner funnel containing a 9 cm glass
fiber filter paper and wash the precipitate with 9N HNO 3 . Discard
the precipitate. -

21. Repeat steps 19 and 20.

22. Transfer the supernate to a clean beaker and evaporate to a small
volume. Convert the nitric acid system to a hydrochloric acid system
by the addition of concentrated HCI and heating on a hot plate until
the red fumes of NO 2 are no longer evident.

23. Evaporate the solution to a small volume and add enough 6N HCI
to bring the volume to 200 ml.,

2.4. Transfer the solution to a 500 ml separatory funnel and wash the
beaker with several ml of 6N HCI. Add the washings to the solution
in the separatory funnel.

25. Add 25 rnl of concentrated HCl, 200 ml of alcohol-free di-isopropyl
ether and shake the mixture for 2 minutes. Allow the phases to
separate and draw off the aqueous (lower) phase into a 600 nil beaker.
Wash the ether fraction with two 100 ml portions of 6N HGI and
combine the washings with the original solution (Note 3).

Z6. Evaporate the solution to about 50 ml, cool and add enough Ioucera-ed
NHAOH to bring the pH to 10. Cool the mixture to room temperature
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and filter through a Buchner funnel containing a 9 cm Whatman No. 42
filter paper. Wash the precipitate with four Z5 ml portions of IN
NH4OH , filter the preci itate to complete dryness and reserve the
precipitate for the C4 purification procedure. -

27. Tra'nsfer the filtrate to a 1 liter beaker and reserve for. the Sr 9 0

purification procedure.

Note 1. Meta titanic acid will precipitate during filtration.

Note 2. Meta titanic acid will precipitate during evaporation.

Note 3 The ether fraction is reserved and purified for further
use by distillation (boiling point 67. 5oC).
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Strontium-90 Purification Procedure

(a) To the filtrate from step 27 of the Sr 9 0 . Cs 13 7 and Ce 14 4 eqviential
sepa ation, add 200 ml of concentrated 4IH and 50 Vxg of Ca
cawrier Heat on a hot plate for 20 minutes and add 100 ml of
saturated NaZCO 3 . Digest on a hot plate for 15 minutes, coal to
room temperature and filter the precipitate through a Buchner
funnel containing a 9 cm Whatman No. 52 filter paper. Wash the
precipitate with 100 ml of IN NH4 OH auddiscard the filtrate.

(b) Dissolve the precipitate of SrCO3 -CaCO 3 in 100 ml of concentrated
HC1 and wash the filter paper with five 50 ml portions of hot 6N
HCL.

(c) Evaporate the solution to about 5 ml and transfer to a 40 ml
centrifuge tube. Add 5 mg pf Fe carrier, dilute to 10 ml with
H2.O and add concentrated NH 4OH until Fe(OH) 3 is completely
precipitated. Centrifuge and transfer the supernate to a clean
40 ml centrifuge tube. Discard the preciRitate.

(d) Acidify the supernate with concentrated FI, add 5 mg of Fe carrier
and repeat step (c).

(e) Acidify the supernate from step (d) with 6N HC1, add 20 mg of Ba
carrier, 5 drops of alizarin indicator solution and adjust the pH with
6M N1 4 OH until a color change from yellow to violet occurs (pH 6.8).

(f) Add 5 ml of barium buffer solution (Z0% 6M HOAc - 80% 3M NT 4 OAc)
and heat nearly to boiling; add I ml of I. 5M Na 2 CrO4 (via a pipette),
with stirring, and digest in a hot water bath until the BaCrO4 settles
out.

(g) Cool the solution in a water bath, centrifuge, transfer the supernate to
a 250 ml beaker and discard the precipitate.

(h) Add 75 ml of concentrated NH 4 OH, heat on a hot plate and add 75 ml
of saturated Na2 CO 3 solution with stirring. Digest until the
precipitate coagulates.

(i) Centrifuge the mixture in a 40 ml glass centrifuge tube and discard
the supernate. Wash the precipitate with two 10 ml portions ol
1720, centrif ge and discard the washings.

(J) Dissolve the precipitate in 10 rnl of 6N IN0 3 , boil the solution over
a flame for about 2 minutes to remove excess CO 2 and add 5 mg of
Fe carrier.

(k) Add concentrated NH 4 OH until Fe(OH) 3 is completely precipitated,
centrifuge and transfer the aupernate to a clean 40 ml centrifuge tube.
Discard the precipitate. Record the time of this Fe(Ol-IH) scavenge
as the separation time for subse Y'YU growth calculations.
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(1) Acidify the supernate with 6N HCI and add, via a pipette, 10 mg of yttrium
carrier.

(mi Transfer the solution to a Z5 ml volumetric flask and d.lute to volume with
H2 0.

(n) Pipette a 2 ml aliquot from the volumetric flask into a 10 ml test tube.
Count the solution in the integral gamma counter for Sr 8 5 activity and
compare the count rate with a standard 2 ml aliquot of Sr 8 5 spike
solution to ascertain the radiometric strontium yield.

(o) Quantitatively transfer the 2 ml aliquot used for radiometric yield and
solution in the volumetric flask into a,40 ml centrifuge tube and allow to
stand for at least twelve days to permit Y9 0 growth.

(p) After equilibrium is established, add 7 to 8 drops of meta cresol purple
indicator and make basic with 6.M NH 4 OH until one drop causes a color
change from yellow to purple.

(q) Digest in a hot water bath for about 10 minutes, cool, centrifuge and decant
the supernate. Record the time and date of "milking."

(r) Wash the Y(OH) 3 precipitate with 3 ml of H 2O, centrifuge and discard the
wash.

(a) Dissolve the precipitate in 2 ml of IM HC1 and 1. 5 ml of 6M HNO ; heat
to boiling over an open flame and add 5 ml of saturated (NH 4 )2 C 2 0 4 "
Stir for several minutes and add gradually 10 nil more of saturated
INH4 )2 C2 O4 .

(t) Digest in a hot water bath until the precipitate coagulates, cool and
filter the Y (C 2 0 4 )3 • 9H1O on a previously weighed WhatmauL No. 42 filter
disk using IM ml of H 2 0 and finally 10 ml of anhydrous "anhydrol" as
transfer agents. Dry in an oven at 100 0 Cfor 10 minutes, cool to room
temperature in a desiccator, weigh for chemical yield and mount on a
standard bras. planchet for beta counting.

Yttrium-90 Counting Procedure

The Y2 (C 2 0 4 ) 3 - 9H 2 0 mount is counted in a low level counter. Each

sample is counted once every 24 hours for three successive days. The counting time

for each measurement is 8 hours. The activity at each mean counting time is

corrected back to the milking time of Y 9 0 using the theoretical half life of 64 hours.

If the corrected activities agree to within one standard deviation of the counting

error, the sample is considered radiochemically pure.
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Cesium-137 Purification Procedure 3 , 4

(a.) To the filtrate from step (11) of the sequential separation, add enough
concentrated HCl to make the solution approximately 3N (Sio; will
precipitate). Heat the mixture on a hot plate with mnechanica3. stirring
for 1 hour.

(b) Cool to room temperature and filter the solution through a 24 cm
Buchner funnel containing a Whatman No. 41H filter paper. Wash the
SiO2 alternately with 100 ml portions of hot 6N HC1 and hot water until
the silica is decolorized. Combine the washings and filtrate. Discard
the SiOZ precipitate.

(c) Transfer the filtrate to a 3 liter beaker and neutralize the solution with
NaOH pellets. Adjust the pH 5.5 with glacial acetic acid and cool the
solution to room temperature.

(d) Filter any precipitate through a 'Buchner funnel containing a Whatman
No. 42 paper and wash the precipitate with 100 ml of hot water.
Combine the wash and filtrate.

(e) Transfer the filtrate and wash to a 3 liter beaker and cool to about 50 C
in an ice bath with mechanical stirring.

(f) Slowly add 100 ml of 15% sodium cobaltinitrite solution, with mechanical
stirring and allow the mixture to stand for at least twelve hours in a
cold water bath.

(g) Decant and discard the supernate. Transfer the precipitate to a 40 ml
glass centrifuge tube, centrifuge and discard the supernate.

(h) Transfer the precipitate to a 250 ml beaker, and dissolve the precipitate
in 75 ml of 6N HCI. Digest on a hot plate for 1 hour at moderate heat.
Transfer the solution to a 40 ml glass centrifuge tube with 6N HCI and
add 3 ml of 0. 13M silicotungstic acid. Digest for 1/2 hour on a hot
water bath, cool to room temperature, centrifuge and discard the supernate.

(i) Wash the precipitate with two 10 ml portions of 6N HC1, centrifuge and
discard the washings.

(j) Dissolve the precipitate in 2 ml of 6N NaOH and 5 ml of H20. Centrifuge
any precipitate of Co(OH)2 and transfer the supernate to a clean 40 ml
glass centrifuge tube. Wash the precipitate with 5 ml of H20, centrifuge
and combine the wash with the supernate. Discard the prccipitate of
Co(OH)2 .

(k) Adjust the acid concentration of the supernate to 6N with I-CI to
precipitate SiO 2 and W0 3 . Digest for 1/2 hour in a hot water bath,
centrifuge and decant the supernate into a 100 ml beaker.

(I) Dissolve the precipitate from step (k) in 2 ml of 6N NaOH, add 5 ml of
H2 0 and adjust the acid concentration to 6N with HCI. Centrifuge and
decant the "supernate into the 100 ml beaker.
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(m) Repeat step (1) and discard the precipitate.

(o) Evaporate the combined solution irm the 100 ml beaker to about 10 mi and
transfer to a 40 ml centrifuge tube. Neutralize the solution with NaOH and

RI precipitate CsZP Cl6 by the addition of 3 ml of 10% chloroplatinic acid.
Stir vigorously during addition.

(p) Allow the mixture to stand for I hour, then centrifuge and discard the
supernate.

(q) Place the centrifuge tube in a hot water bath and dissolve the precipitate
in a minimum amount of H?0.

(r) When the precipitate has completely dissolved, add 6 drops of hydrazine
hydrate. Digest for 1/Z hour, cool, centrifuge and transfer the supernate
to a 125 ml Erlenmeyer flask. Wash the Pt precipitate with two 5 ml
portions of HZO, centrifuge and combine the washings into the Erlenmeyer
flask. Discard the precipitate.

(a) To the combined supernate and washings in the Erlenmeyer flask, add 4 ml
of aqua regia and evaporate the solution to dryness. Add another 4 ml
of aqua regia and again evaporate to dryness.

(t) Add 2 - 5 ml of 70% HCIO4 and heat to strong fumes of HC1O 4 . Furne for
15 minutes, then cool the flask in an ice bath for 5 minutes. Add 25 ml of
cold anhydrous ethyl acetate and cool for 15 minutes. Transfer the resultant
CsC10 4 precipitate and ethyl acetate to a 40 ml centrifuge tube, centrifuge
and discard the supernate. Wash the Erlenmeyer flask with 25 ml of cold
anhydrous ethyl acetate, transfer the solution to the centrifuge tube,
centrifuge and discard the wash.

(u) Dissolve any remaining precipitate in the Erlenmeyer flask with 5 - 10 ml
of HZ0 and transfer the solution to the centrifuge tube. Digest in a hot
water bath for 15 minutes to remove all traces of ethyl acetate.

(v) Deposit the solution on a Bio Rex 40 cation exchange column (Note 1)
at a flow rate of 1.5 ml/minute and wash the column with 100 ml of 0. ZN
HC1 at the same flow rate. Strip the cesium from the column with 50 ml
of 6N HC1, collecting the eluent in a 100 ml beaker (Note 2).

(w) Evaporate the solution to about 10 ml, neutralize with 6N NaOH to a meta
cresol purple end point. Add 3 ml of 10% chloroplatinic acid solution
with vigorous stirring and allow to stand for 1 hour. Transfer the mixture
to a 40 ml glass centrifuge tube, centrifuge and discard the supernate.

(x) Slurry the precipitate in 5 ml of anhydrous "anhydrol" and filter onto a
previously weighed Whatman No. 42 filter disk without applying suction,
(Note 3); wash tho precipitate with two 5 ml portions ox anhydrous
"anhydrol" applying a vacuum each time; oven dry at 100°C for ten
minutes, cool in a desiccator and weigh as cesium chloroplatinate for
chemical yield. Mount on a standard brass planchet for beta counting.

Cesium-137 Counting Procedure

The samples are counted in the low level beta counteri. Radiochemical
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purity is ascertained by counting the sample without an absorber and with

an aluminum absorber of 9.77 mg/cm2 thickness. If the absorber ratio agrees

with the theoretical absorber ratio, the latter previously determined by counting

absolute standards, the sample is accepted as radiochemically pure. Self-

scattering self-absorption corrections are applied to convert to disintegrations

per minute.

Note 1. The resin is conditioned in the following manner:

(a) Soak the resin in H2 0 for 24 hours

(b) Transfer the resin to a column of 6 mm ID glass
tubing, to a height of 10 cm

(c) Wash the resin with three alternate washings of 100
ml of 0. ZN HC1 and 100 ml of H 2 0

Note 2. At this point an additional cesium silicotungstate precipitation
is performed on samples from lower dcpths (6 inches and
below). The procedure is the same as in the precipitation
of cesium silicotungstate in step (h) to step (m), then neutralize
the solution and precipitate Cs 2 PtCl6 for mounting an in steps
(w) and (x).

Note 3. The Cs 2 PtCI6 precipitate is a very fine powder and filtering
without suction deposits the precipitate evenly on the surface
of the filter disk with no tendency for seepage around the
edge of the filtering column.
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THE DETERMINATION OF CESIUM-137 £N SOILS BY GAMMA RAY
SPEC TROSCOPY "

Soil aliqtots from depths no greater than two inches and ranging from

90 to 520 grams were analyzed for cesium-137 by gamma ray spectroscopy.

The detector was an Isotopes, Inc. 3 inch by 3 inch NaI(T1) crystal housed in

a large lead cave as described in the radiometric techniques section of

Part 1. The samples were counted in a 3 inch diameter 600 ml beaker

placed directly on top of the crystal. The spectrometer had previously been

calibrated for varying soil weights and the cesium-137 counting efficiency as

a function of weight is shown in Figure 3.8.

To determine the effect of various soil densities, an experiment was

conducted in which a standard cesium-137 spike solution was added to two

different materials with densities of 0.64 and 1.6 grams/cc, respectively.

The difference in efficiency using identical counting geometries was found to

be only 7.0 percent. Since the densities of the soil samples were far less

variable, absorption effects in the soils could account an error of no more

than one or two percent at maximum.

The predominant radioactivity in soils at the present time is due to

the natural products of the thorium and the uranium series and potassium-40

an shown for sample 20-2 in Figure 3.9. The 0. 662 Mev photopeak of

cesium-137 is completely obscured by the spectrum of these natural radio-

elements. To assay ;!or cesium-137, it was necessary to resolve quantitatively

the composite spectrum into its component parts. This was accomplished by

subtracting the standard spectra of thorium, uranium and their daughters

and potassium-40 from the gross spectrum all obtained under identical counting

geometries.

235



Iiotoopu, Inca
I T

9 FIGURE 3.8

C 3 COUNTING EFFICIENCY vs. SOIL WEIGHT IN BEAKER

a-

7

6-

5-

4-
u

2-

SII I I
100 200 300 400 500 600

WEIGHT IN GRAMS

236



'U ISal!vistI

Us opas

000

lI- VULBV AIID



T.he standard thorium spectra were obtained by blenng a fiely ground

sample of monazite sand with an appropriate amount of powde:reci sodium phosphate

and counting the mixture in the various physical geometries employed in the

assay of the soil samples. The density of the sodium phosphate was about 1. 3

grams per cc which was not greatly different from the density of the Boils.

The radioactive daughters in the thorium series were assumed to be in equilibrium

with the parent nuclides. The appropriate thorium standard spectrum was

subtracted from the gross composite sample spectrum by normalizing the two

spectra to the 2.62 Mev photopeak of thallium-208. The resultant spectrum

for sample 20-2 after the thorium subtraction is shown in Figure 3. 10.

The standard uranium spectra were obtained by blending a finely
ground -ample of tiraninltm which was know, to be in eqltbrlum, with sodiu-

phosphate according to the procedure described above for thorium. The

appropriate uranium standard spectrum was subtracted from the resultant

spectrum after the thoriumn subtraction by normalizing the two spectra to the

1. 76 Mev photopeak of bismuth-214. The remaining spectrum after this

second subtraction is shown in Figure 3. 11. The irregular spectrum below the

cesium-137 photopeak is a result of the presence of other fission products

such as ruthenium-106 and the uncertainties involved in the mathematical

subtractions of the other spectra.

The potassium-40 standard spectra were obtained by counting appropriate

quantities of potassium acid phthalate in the various physical geometries

normally employed in the assay of the soil samples. The proper potassium

standard spectrum was subtracted from Figure 3.11 to yield the cesium-137

photopeak illustrated in Flgu.:re 3. 12. The standard cesium -137 spectrum was

normalized to this photopeak and the entire cesium-137 spectrum is

represented in this figure. If the cesium-13? spectrum is subtracted from

Figure 3. 12, the remaining spectrum has little detail to permit any further
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spectral resolution. The area beneath the 0. 661 Mev photopeak was converted

to disintegrationu per minute by counthig a sdil sample spiked with a standard

solution of cerium- 137 under the various physical geometries employed.

The accuracy of the cesium-137 analysis by gamma ray spectroscopy

was verified by comparing results obtained by this method with the data

obtained by radiochemical separation of cesium,. This comparison is

summarized in Table3. Z and in general shows good agreement. The limit of

detection for soil samples assayed in beakers on top of the NaI(TI) crystal

was about ZOO disintegrations per minute for a maximum sample size of

500 grams or 0,. 4 dpm/g. Although the annular type beaker described in

, T o, .... l, , . 2 Vl,,,v, ,f nnl wuR nlaced around the

crystal was not employed in the 4nalyses of these samples, the limit of detection

of this arrangement was 175 disintegrations per 3 kilograms or 0. 06 dpm/g.
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FIGURE 3.11
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Table 3.2 Comparison of Cesium..137 Analyses by Gamm a Ray
Sectroscopy and Radiochemical Analyas

Sample No. dpm C@1 3 7 1100 grams
______Radiochemical Analysis Gamma, Ray Spectroscopy

4-Z 200 +1.2% 195 +2.0%

13-2 140 +1.8% 142 +2.3%

19-1 1510 +1.2% 1550 +0.6%

19-2 383 +1. 8% 369 +1. 10/
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Cerium-144 Purification Procedure
6

(a) Remove the filter paper from the precipitate reserved for Ce144 analysis
in step 26 of the sequential separation and dissolve the precipitate in
9N HNO3 . Waih the filter paper with 9N HNO3 and combine the wash and
dissolved precipitate in a 250 ml beaker. Evaporate the solution to about
20 ml (Note 1).

(b) Transfer the solution to a 250 ml separatory funnel containing 125 ml
of freshly equilibrated methyl isobutyl ketone (Note 2). Wash the
beaker with several ml of 9N HNO 3 and add the wash to the separatory
funnel.

(c) Add 5 ml of ZM NaBrO3 and shake for 15- 30 seconds. Withdraw the
aqueous (bottom) phase and wash the organic phase with two 25 ml
portions of 9N HNO 3 , each wash containing 1 ml of 2M NaBrO3 (Note
2 and 3).

(d) Back-extract the cerium by shaking the methyl isobutyl ketone phase
with 10 ml of H2 O, containing 6 drops of 30% H 2 0 2 (Note 2 and 4).

(e) Withdraw the aqueous phase into a clean 50 ml beaker and neutralize
by adding concentrated NH 4 OH until a precipitate just appears. Acidify
with 1. 5 ml of 6N HNO 3 and dilute to 25 ml with H2O.

(f) Heat the solution just to boiling, add 5 ml of saturated (NH4)2C 2 04, stir
for several minutes and add gradually 10 ml more of saturated (NH4)2C204.

(g) Digest the solution on a hot plate for about 10 minutes, cool to room
ternperature and filter the Ce 2 (C 204)3 * 9H 2 0 on a Whatman No. 42
filter disk. Wash three times wLth 5 ml portions of H 2 0 and three times
with 5 ml portions of acetone. Dry in an oven at 1100 C for 20 minutes
and cool to room temperata.re in a desiccator and beta count.

(h) Chemical yield of cerium is determined, upon completion of counting,
by dismounting the filter disk and pliofilm, and igniting at 850 0 C for
1 hour in a previously weighed (brought to constant weight) porcelain
crucible. Cool in a desiccator, weigh and record the chemical yield of
CeO2 .

Cerium-144 Counting Procedure

The CeZ(C204) 3 - 9HZO mount Is counted in a low level beta counter.

Radiochemical purity is determined by first counting with an aluminum absorber

of Z24.3 mg/cm 2 thickness and then with a 41Z. 7 mg/cm2 absorber. The

ratios of counting rates thus obtained are compared with ratios from absolute

standards counted under the same conditions. If the sample ratio agrees

244



with the standard within the prescribed counting statistics, the sample iu

accepted as radiochemically pure.

Upon determination of chemical yield, the appropriate counter efficiency

is applied in all Ce 1 4 4 samples to convert to disintegrations per minute.

Note I. If meta titanic acid precipitates at this point, filter the
precipitate using a medium grade scintered glass funnel.
Discard the precipitate.

Note 2. The equilibration of methyl isobutyl ketone (for use with two
(11) samples) is performed in the following manner: to
400 ml of methyl isobutyl ketone add 400 ml of 9N HNO
containing 16 ml of 2M NaBrO3 . Shake or stir for 5 minutes
and remove the aqueous phase.

CAUTION: In extractions of strong HNO 3 solutions (6 to 12M)
with methyl isobutyl ketone, considerable amounts of HNO
pass into the organic phase. It has been observed that such
solutions of HNO3 in methyl isobutyl ketone are unstable and
will uadergo a vigorous reaction after standing for a few
hours. The methyl isobutyl ketone phases remaining after
back-extraction with 10 ml of H 2 0 were observed to react
similarly but only after standing for about 3 days. It is
recommended, therefore, that the methyl isobutyl ketone
not be equilibrated with HNO3 until just before use and that
TfTe washed thoroughly with water (three times with an
equal volume) soon after use. It is also recommended that
HNO 3 solutions which have been in contact with methyl
isobutyl ketone be neutralized with NH 4 OH prior to storing
or discarding.

Note 3. Combine the aqueous phase and washings, and neutralize with
NH40H before discarding.

Note 4. Wash the methyl isobutyl ketone three (3) times with 50 ml
of H2 0 before discarding. Also neutralize the washings
before discarding.
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Radiochemical Analysis of Ruthenium-106

1. Weigh 100 gins of dry homogenized soil in a 250 ml beaker and add 20 rng
of ruthenium carrier. Mix thoroughly and dry in an oven at Il0OC for
2.3 hours.

2. Add 200 gins of NaOH pellets to the dry boil sample, mix thoroughly and
proceed as in steps 3 through 7 of the sequential separation of Sr 9 0 , Cs137
and Ce 14 4 in soils.

3. Transfer the melt to a 3 liter beaker and add 400 ml of H 2 0. Add 400 ml
of H2 0 to the crucible, place a cover glass over the top and heat to
boiling. Combine the crucible wash solution with the melt in the 3 liter
beaker and heat for 1 hour, with mechanical stirring, to destroy all
the Na 2 O2 .

4. Cool the beaker in a water bath and add concentrated HCI with continuous
stirring until white lumps of AI(OH)3 appear.

5. Add more concentrated HCi until a yellow precipitate is obtained and
then add an equal volume of concentrated HCI to make the solution approx-
imately 6N.

6. Add 50 ml of 48% HBr and heat on a hot plate for 2 hours with mechanical
stirring. Replace any volume lost through evaporation with 6N HC.

7. Cool and filter the mixture through a 24 cm Buchner funnel using a Whatman
No. 41H filter paper. Wash the SiO2 precipitate with 150 ml portions
of warm 6N HCI until the precipitate is decolorized. Discard the SiO Z
precipitate.

8. Transfer the filtrate to a 3 liter beaker and evaporate the solution oni a
hot plate to about 750 ml. Filter any salts onto a 15 cm Buchner funnel
using a Whatman No. 42 filter paper. Wash the salts with warm 6N HC1
until they are essentially decolorized. Discard the salts.

9. Transfer the filtrate to a clean 3 liter beaker and add an equal amount of
H 2 0 to bring the solut).on to 3N in HCI.

10. Heat the solution to boiling and bubble H2 S gas through the solution for
15 minutes. Digest on a hot plate for 30 minutes, cool to approximately
50 0 C and filter the RuS2 precipitate on a 9 cm Buchner funnel containing
a Whatman No. 42 filter paper. Discard the filtrate.

11. Wash the precipitate with 100 ml of HZO and discard the wash.

12. Transfer the precipitate and filter paper into a 250 ml distilling flask
and water wash any remaining sulfide precipitate from the walls of the
Buchner funnel into the distilling flask with a rubber policeman (Note 1).

13. Assemble the distilling apparatus as shown in Figure 3..13, cool the
distilling flask in an ice bath and slowly add 30 ml of concentrated H2 S0 4
(Note 2).
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Figure 3. 13. Ruthenium Distillation
Apparatus



14. Through the addition funnel, add 5 ml of saturated NaBrO3 and gently heat
the flask over a flame (with swirling) for 10 minutes. Collect the
v414tile RuO4 into two traps, each containing 30 ml of concentrated HCl.

15. Again cool the distilling flask, repeat the addition of 5 ml of saturated

NaBrO 3 and apply heat (gently) for 10 minutes.

16. Repeat step 15 twice.

17. Transfer the Ru - HC1 distillate to a 250 ml Erlentneyer flask and wash
the traps with H2O and IN HCl. Combine the washings and distillate.
Evaporate the solution on a hot plate in a fume hood to approximately
20 ml. (CAUTION: Br 2 evolved).

18. Cool and add powdered magnesium metal in small portions, swirling
the flask after each addition, until the reduction to ruthenium metal is
complete as indicated by a colorless solution.

19. After reduction is completed, transfer the mixture to a 40 ml glass
centrifuge tube, centrifuge and discard the supernate.

20. Wash the ruthenium metal with 10 ml of 6N HCl and two 10 ml portions
of H20. Centrifuge and discard the washings.

21. Slurry the precipitate with H 2 0 and filter onto a previously weighed
Whatman No. 42 filter disk without applying a vacuum (Note 3); wash
the precipitate with two 5 ml portions of acetone, dry in an oven at
100 0 C for ten minutes, cool in a desiccator and record the chemical
yield of ruthenium metal.

Ruthenium- 106 Counting.Procedure

The Ru1 0 6 samples are counted in a low level beta counter.

The samples are counted without an absorber and with an aluminum absorber

of 171.08 mg/cm2 thickness. If the non-absorber -absorber ratio agrees

with the previously determined standard absorber ratio within the prescribed

counting statistics, the sample is accepted as radiochemically pure.

Appropriate counter efficiencies are applied to convert the count rate to

disintegrations per minute.

Note 1. The volume in the distilling flask should not exceed 100 ml.

Note 2. Add the H 2 S04 slowly so as to avoid charring of the filter paper.

Note 3. The ruthenium metal precipitate is a very fine precipitate and
if suction Is applied during filtration an irregular mount will
result.

248



LIST OF REAGENIS

1. Carriers

(a) Strontium (SrCI2 • 6HZO), 20 mg Sr/mI

(b) Cesium (CsC12 ). 20 mg Cs/ml

(c) Cerium (CeC13 ). 20 mg Ce/ml

(d) Ruthenium (Ru Metal.). 30 ,mg Ru/ml

(e) Iron (FeC13 • 6H 2O), 10 mg Fe/ml

(f) Calcium [Ca(NO 3 )2 4HzO 1 , 50 mg Ca/ml

(g) Barium (BaC12 -ZH20), 20 mg Ba/ml

(h) Yttrium (Y 2 0 3 ). 10 mg Y/ml

2. Sodium Hydroxide Pellets (NaOH)

3. Sodium Peroxide (NaZO2 )

4. Saturated Sodium Carbonate (Na 2 C0 3 )

5. Sodium Iodide (Nal)

6. Potassium Perchlorate (KClO 4 )

7. Di-isopropyl Ether (alcohol free) (CH 3 )7CHOCH(GH 3 ) 2

8. Alizarin Indicator (0. 1% in ethanol)

9. Barium Buffer Solution (20% 6M HOAc - 80% 3M NH 4 OAc)

10. Sodium Chromate (I. 5M Na 2 CrO4 )

11. Meta Cresol Purple Indicator Solution

12. Saturated Ammonium Oxalate [NH4)ZC 2 0 4

13. Sodium Cobaltinitrite [0% Na 3 Co (NOz)j

14. Silicotungstic Acid (0. 13M SiO z , IZWO3 • 26HZO )

15. Chloroplatinic Acid (10% H 2 PtC16 - 6H0)

16. Anhydrous Ethyl Acetate

17. Sodium Bromate (ZM and saturated NaBrO 3 )
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18. Methyl Isobutyl Ketone (Hexone, CH 3 COCH2 CH(CH3 )2 )

19. Hydrogen Bromide (48% H~r)

2.0. Hydrogen Sulfide (HZS)

t21. Magnesiurn Metal (70-80 Mesh) 1
2.2. Cation Exchange Resin (Bio Rex 40)

2.3. Ac etone

24. Anhydrous "Anhydrol" (commercial product of denatured 95% ethyl

alchol available from C. P. Solvents, Inc., Newark, N. J.)
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QUALITY CONTROL

The precision of radiochenical analysis of soil samples was determined

by analysis of duplicate aliquots of several samples for each radionuclide of

interest. The results, as summarized in Table 3. 3, indicate that the precision

of analysis for strontium-90 and ruthenium- 106 was in the neighborhood of 10

percent, while the precision of the cerium-144 analysis was about 17 percent.

It is felt that the greater uncertainty in the cerium-144 analysis may be due in

part to the possibility of poor exchange between tracer cerium- 144 and carrier.

One split analysis is reported for cesium-137 because one-half of the other

duplicate samples were lost during analysis.

Any sample cross contamination as well as contamination from minute

residues from spike experiments was monitored by periodically processing a

pre-1945 soil sample* in the same nanner as the routine samples. Results of

four samples monitored for each radionuclide indicate that all cesium- 137 and

ruthenium-106 blanks contained less than 1 DPM of contamination while three of

the four blanks demonstrated less than I DPM of yttrium-90 activity. All blank

samples contained about 2 DPM of cerium-144 contamination.

Our gratitude to Dr. Ronald G. Menzel, Agricultural Research Service, Soil
and Conservation Division, Beltsville, Maryland for a generous supply of
pre- 1945 soil.
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Table 3,3 Duplicate Analyses

Nuclide Sample No. DPM/100 gm Av*g DPM +-Standard Deviatione S 90
Sr 7-4 A 24.0 +3.4% 22.7 8.4%

B 21.3 +2.7%

Sr 9 0  8-6 A 2.35 + 3.7% 2.03 24.6%

B 1.71 + 13.8%

Sr 9 0  11-3 A 43.9 + 0.8% 46.0 6.5%

B 48.1 +2.0%

S90

Sr 17-6 A 2.80+5.3% 2.87 3.1%

B 2.94 + 12.8%

Sr 9 0  18-5 A 29.4 +4.2% 24.4 29.3%

B 19.3+1.0%

Sr 9 0  20-2 A 66.9 + 3.8% 67.3 0.7%

B 67.6 + 1.9%

Average S90 Standard Deviation 12.1%

Ru1 0 6  11-1 A 921 + 0.3% 927 0.9%

B 933 + 1.2%

106Ru 11-3 A 55.4 +2.4% 54.7 0.2%

B 53.9 + 5.5%

Ru 1 0 6  17-1 A 380+ 1.5% 405 8.7%

B 430 + 1.2%
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Table 3. 3 (conltinued)

Nuclide SampleNo. DPM/ 10 OOg Av~~m,,D + Standard Deviation

RU' 0  17-2 A 149±+ 1. 9% 140 9.11%

B 131±+1. Z%

It U 17-3 A 23.3±+12.776 21.6 11.4%

B 19.8 +9.2%

RU10 18-5 A 47.7 +1.6% 40.7 24.301%

B 33.7 +2.0%

Rul 0 6  19-3 A 111 +1.4%6 96.8 20.9%

B 82.5±+1.7%o

Ru IC20-2 A 258 +1.4%6 256 1.101

B 254 +1.5%6

Ru 1620-6 A 8.10 ±4.7% 10.1 27.376

B 12.0 +4.7%

Ru 1620-7 A 8.85±+6.5% 8.05 1.416

B 7.25 + 7.2% _______

Average Ru 1 0 6 Standard Deviation 10. 5%

CC1 4 4  11-3 A 19.3±+10.8% 16.8 21.5%

B 14.2 +8.3%

C e 14 4  17-3 A 32.3±+6.3% 28.5 18.9%

B 24.7±+6.3%
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Table 3. 3 (continued)

Ntiide Sample No. DPM/100 gm Avg DPM + Standard Deviation

Ce 14 4 19-3 A 109 +4.8% '102 9.2%

B 95.7 +4.3%

Ce 1 4 4  
19-4 A 43.8 +9.2% 49.1 15.2%

B 54.4 + 2.3%

Ce' 4 4  
20-1 A 526 + 3.7% 457 21.4%

B 388+2.4%

Ce 1 4 4  
20-2 A 332 +3.0% 408 26.2%

B 484 +2.7%

Average Ce 14 4 Standard Deviation 16. 9%
137

Gs 7 20-2 A 163 + 5.0% 170 5.8%

B 177+3.9%
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RESUILTS AND D1CUSSIOI OF RADIOCHEMIGAL, DATA

In past studies 7 8 designed to determine the integrated world-wide

fallout of strontium-90, one of the most important considerations which had to

be borne in mind in the soil sampling procedures was the depth to which the

core was taken. 1t was generally assumed after some preliminary studies had

been conducted, that in 195-6. and 1958 little stizontiun-90 had penetrated below

a depth of six inches in the soil. Although this appeared to be a good assumption

at that time it was realized that in due course some movement of the strontium-90

would occur in the soils in much the same manner as materials pass through an

ion-exchange column, This comparison with ion-exchange columns can, of

course, be extended to include different soils possessing different capacities for

retention of strontium-90. It would be expected that the sLrontfum-90 deposiLed

as a result of world-wide fallout would be distributed with depth in a variable

manner from soil to soil. Those soils possessing low cation exchange capacities

would probably exhibit the 'most penetration of strontium-90 while those with a

greater affinity for strontium-90 would tend to copcentrate the nuclide to a

greater extent in the uppermost sections of the soil. Thus a sandy soil might

show relatively larger fractions of the total deposit at depth in a soil core compared

to a clay or more loamy material. In additIon to the chemical and physical

properties of the soil itself and their effects on the distribution of strontium-90

with depth in the soil there are some obvious external parameters which can be

important in these considerations. For example, if the adsorption of the radio-

active nuclide by the soil from the deposited precipitation is a rate-controlled

process, then the extent of the adsorption by the soil will depend on additional

factors such as the permeability of the underlying strata and the rate of precipitation,

Those materials which are poorly drained and have highly impermeable underlying
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bedrock will retain the water containing the radioactivity for longer periods cyl

time than well-drained soils,and thus the probability of equilibrium beigg attained

between the liquid and solid phases will be enhaneed for poorly-drained soils.

Hence in the situation where two soils of equal cation exchange capacity are

being consideredthe soil which is poorly drained will tend to retain more of the

radioactivity at levels nearer to the surface than the well-drained soil, where

relatively rapid flow of the liquid phase thrkmgh the material will tend to permit

a more even distribution of the radioactivity with depth to be attained. Previous

workers have endeavored to make the above considerations more quantitative by

utilizing the concept of mass action. If we consider the simplest situation in

which radioactive ion A+ exchanges with soil mineral BXthe equation for this

process may be written

A++BX AX+B+

and the rate constant K can be expressed as

[AX] [B+]

Two general statements can then be made concerning K for two situations as follows.

First, the situation in which A+ remains constant but BX varies, i.e., considering

one radioactive nuclide strontium-90 and several different soil materials.

Second, the situation in which BX is constant but A+ can vary, i.e., considering

only one soil material but several different radioactive nuclides, It has been

found 9 in the first case that the rate constant K decreases in magnitude from

clays through sandy clays to sands or, in more particular terms, K for

montmorilonite> illite> kaolin > quartz. In the second case it has been

generally found, for different ions in the same mineral or soil, that the values of

K decrease from Cc> Cs> Sr> Ru. Thus, in a given soil, ruthenium might
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be expected to be more evenly distributed 'with depth than strontium which in

turn would penetrate to greater depths than cesium or ceriur, and so on.

The above considerations are extremely important in the many problems

presented by the world-wide fallout of radioactivity from weapons tests. As

mentioned previously they can be of assistance in ascertaining the depth to which

the soil ought to be sampled to ensure inclusion of all deposited fallout radioactivity.

In addition, if these factors can be placed on a quantitative basis, it will permit

more accurate evaluations of the dose to the human body from externally deposited

gamma-emitting nuclides to be made, and, in addition,give us increased knowledge

from which we may be able to predict future concentrations of fallout radioactivity

in food products. Our aims in this limited and curtailed phase of the HASP

program were to elucidate some of these factors and perhaps point the way to

areas in which further work ought to be performed. Soils, varying from almost

pure, well-drained sands to very poorly-drained, almost impermeable clays,

were collected in New Jersey in summer 1960 for this purpose. Radiochemical

analyses for strontium-90, ruthenium-106, cesium-137, and cerium-144 were

performed on aliquots of soil taken at various depths within these soil cores.

In addition it was hoped that another major soil type area could be studied in a

similar manner. Soils were collected, therefore, in Kansas in late summer 1960

but unfortunately limited time and funds did not permit completion of.this phase

of the proposed work. On the credit side, however, considerable information was

gleaned from our data on New Jersey soils and the project was certainly successful

-in this phase.

Allresults obtained fromrradiochemical analyses of the soil cores are given

in Table 3.4. This table gives the depth profiles of strontium-90, ruthenium- 106,

cesium-137 and cerium-144 in eleven different soils from New Jersey and partial

results from two soils collected in eastern Kansas. Included inthe eleven soil sites
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from New Jersey is one soil site which had been plowed in early 1960and cultivated In

the same year to compare with the same soil which had remained undisturbed.

Analyses on the former. core were performed to give some indication of the effect

which man's activities have on the distribution of radioactivity with depth. Naturally

this should result in a more even distribution of the radioactivity with depth, and

this, in facl proved to be the case (Collington Sandy Loam No. 5 and No. 4), All

soils were carefully chosen in both states, and the selected areas had to satisfy

certain stringent conditions. The chosen sampling sites had

(a) to be in level areas so that no run-off from neighbouring areas
could occur,

(b) to have no objects, such as trees and buildings, in the immediate
vicinity, which might shield them from precipitation, and

(c) to have remained undisturbed by man for at least eight years prior

to sampling in 1960 (with the exception of No. 5) .

In additionr wc endeavoured to include soils which reflected a wide range in pH,

organic content, permeability and drainage, texture, and chemical and ,nineral

composition.

Columns 1, 2, and 3 in Table 3.4 give the depth of the sample from which

an aliquot (usually lOOg) was taken for radiochernical analyses. Depths are

given in inches and in grams of soil. For conversion of the activities into surface

concentrations ( e.g. mc/mi 2), the volune of a cylindrical cross-section of

1 inch in height taken from the sampling corer is 823. 5 cm. All the weights

reported are referred to this cylindrical corer which was used to obtain the

contamination-free soil sample from the larger core taken in the field. It is noted

that the weight of the top 1/2 inch section varies over a wide range. This is most

likely a result of undulations in the surface of the soil sample, variations in,

natural compaction, and also because this section includes some vegetation in

the uppermost part. It is dilficult, because of these effects, to determine
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Table 3.4 Deposition 4. Stiontiur-90, Ruthenium-106, Ce'iur.u-137 and Cerium-144. ix New Jrsey
and Kansas Soils in 1960

Sample No. 4 Collington Sandy Loam (Undisturbed) N. 3.

Nuclide Concentrations
A. Depth (dpm/100 g dry Wt)*** Nuclide Ratios

Inches Dry Wt.(R)* W W. Sr 9 0 RVi1 0 6 CG1 3 7 Ce144  Rul06/Sr 9 0  Cel'37/Sr 90  Cel4 /Si90

0-112 258 312 67.3 342 113 546 5.1 1.7 8.1
112-1 532 646 63.6 251 200 411 3.9 3.1 6.5
1-2 1217 1479 43,9 125 123 231 2.8 2.8 5.3
2-3 1021 1230 25.3 59.3 86.2 85.2 2.3 3.4 3.4
3-4 1171 1398 17.5 33.4 27.4 49.5 1.9 1.6 2.8
4-6 2418 2738 12,7 25** <4.2 39.6 2.0 < _ 0.3 3.1
6-9 3863 4343 4.25 13.1 -- 29 ** 3.1 -- 6.8
9-12 3503 3933 3.42 9.3 -- 19.7 2.7 -- 5.8

B. Depth Cumulative Activities (dpn)

Inches Dry Wt.(g) Wet Wt.(g) Sr 9 0 Ru 10 6 Cs 13 7 Ce
14 4

1/2 258 312 174 882 292 1409
1 790 958 512 2217 1354 3596
2 2007 2437 1046 3738 2851 6407
3 3028 3667 1304 4343 3731 7277
4 4199 5065 1509 4734 4052 7857
6 A617 7803 1816 5338 <4154 8815
9 10480 12144 1980 5844 - -- 9588

12 13983 16079 2100 6169 -- 10278

Sample No. 5 Collington Sandy Loam (Disturbed) N. J.

Nuclide Concentrations
A. Depth (dpm/100 g dry Wt)*** Nuclid Ratios
Inche Dry Wt. ()* Wet Wt. ()* Sr 9 0  Ru 1 0 6  C. 137 Ce 14 4  Ru106Sr 90 Ca137 /Sr90 Cc144 /Sr90

0-2 2281 2648 29.9 36.6 39.8 61.5 1.2 1.3 2.1
2-4 2563 2931 14. Z 34.0 23** 63.7 2.4 1.6 4.5
4-6 2653 3045 24.8 74,8 49.0 165 3.0 2.0 6.7
6-9 3823 4462 14.2 50.8 <4.9 61.9 3.6 <0.3 4,4
9-12 4103 4746 4.9 17.3 14.7 37.6 3.5 3.0 7.6

B. Depth Cumulative Activities (dpm)
Inches Dry Wt. (g) Wet Wt, (g) Sr90  106 137 144

Inches___ Ru Cs Ce

2 2281 2648 682 835 908 1403
4 4844 5579 1046 1706 1582 3036
6 7497 8624 1704 3688 2882 7413
9 11320 13086 2247 5628 <3069 9779

12 15423 17832 2449 6338 -3672 11321
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Sample No. 7 Rutledge Fine Sandy Loam N. J.

Nutlide C onceutrations Nuclidce Ratios
A, Depth (dpm/100 g dry Wt)***

_nche_ Drjff W * Wet Wt. 11* Sr 9 0  
Ru

10 6 C.
13 7  Ge 14 4  

Ru 0b/Sr~t  Cs /Sr Ce 
4

/Sr
9 0

0-1/2 28 364 116 3.45 2-14 1529 3,0 2.1 13.2
-lI-J 474 650 90** 354 304 741 3.9 3,4 8.2
1-2 1000 1343 56.6 120 140*4, 128 2.1 2.5 2.3
2-3 1114 1442 21.3 44.7 49.3 62.5 2.1 2.3 2.9
3-4 1394 1770 11.8 32.9 23** 22.1 2.8 1.9 1.9
4-6 2380 2941 8.1 18.9 12.7 43.7 2.3 1.6 5.4
6-9 3393 4?33 5.5 12.9 7.9 17.5 2.3 1.4 3.2
9-12 3,618 4343 3.0 < 12.2 15.0 105* < 4.1 5.0 3.3

B. Depth Cumulative Activities (dpm)

Inches Dry Wt. (g) Wet Wt. (g) Sr
9 0  Ru

1 0 6 Cs
1 3 7  Ce

144

1/2 228 364 264 787 556 3486
1 702 1014 691 2465 1997 6q98
2 1702 2357 1257 3665 3397 8278
3 2816 3799 1630 4163 3946 8974
4 4210 5569 1794 4662 4267 9282
6 6590 8510 1987 5072 4569 10322
9 9983 12743 2174 5510 4837 10916

12 13601 17086 2282 <5951 5380 11278

Sample No. 8 Marlton Sandy Loam, N. J.

Nuclide Concetrations Nuclide Ratios
A. Depth (dpm/100 g dry Wt. )***

Inches Dr), Wt()* Wet Wt,* Sr
9 0  Ru

1 0 6  Cs
1 3 7  Ce

14 4  Ru06/Sr
9 0  Cs 137/Sr

9 0  Ce 44/Sr
9 0

0-1/2 220 306 366 889 858 2573 2.4 2.3 7.0
1/2-1 409 522 109 161 240 282 1.5 2.2 2.6
1-2 960 1180 37.7 98.3 47.1 62.9 2.6 1.2 1.7
2-3 117P 1361 .13.7 3 ,,7 < 2. 1 19.6 2,.6 < 0.2 1.4
3.4 1418 J668 6,5 18.8 Z 5.6 5.0 2.9 Z 0.9 0.8

4-6 2468 2899 2.0 19.3 7.2 <6.4 9.6 3,6 < 3.2
6-10 5248 6436 1.0 4.7 4.0 Z'4.8 4.7 4.0 :4.8

B. Depth Cumulative Activities (dpn)

90 106 137 1441nc hee Ii E. J W LWL.jj sr9  Ru 1 °  Cs Ce

1/2 220 306 806 1959 1890 5669
1 629 828 1253 2617 2872 6822
2 1589 21008 1615 3561 3323 7425
3 2767 3369 1776 3981 < 3348 7656
4 4185 5037 1869 4248 Z* 3428 7728
6 6653 7936 1919 4724 Z 3600 <7885
V 11901 14372 1974 4968 Z 3813 Z 8136
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Sample No. 10 Lakewood Sand, N. J.

Nuclide C oncentrat ions
SA. Depth (dpml 100 g dry ft.)*** Nutefide Ratios

Inchee D v q.{) e W .() Sr 9 0) Ru 1 0 6  
COM

13  Ce 14 4  Ru 106ISr 
9 0  

Cs1I,37ISr 
9 0  Ce 144/Sr 

90

0-1/2 ,It9 415 29.5 165 318 620 5.6 10.8 21,0
S112-1 63X, 640.5 37.2 .89.8 81.0 129 2. ll .,2 3.s

1-Z 1123 1148.5 13.4 47.1 6.8 17.5 3.5 0.5 1.3
2-3 121 281 8** 26.9 4.6 13.9 1.3 0.2 0.7,-3.4 1240 1Z78 30.4 20.0 5** 15.2 0,7 0.2 0.5
4.6 2713 2761 8.5 8.6 5.7 <11 4 1.0 0.7 1.3

6-9 4003 4037 7. 4 16.3 5** -33.4 2.3 0.7 4.7
9-12 4003 4065 5** 12.7 4.3 <17.1 2.5 0.9 <3.4

B, Depth Cumulative Activities (dpn)

16 17 144
Inches Dry Wt. (g) Wet Wt.(}g) Sr 9 0  

Ru
1#16  

Cs13  
Ce

1/2 409 415 121 675 1302 2536
1 1041 1055.5 356 1198 1813 3351
2 2164 2204 506 1728 1890 3548
3 3415 3485 756 2064 1947 3722
4 4655 4763 1133 2312 2009 3910
6 7368 7524 1363 2544 2165 <4219
9 11371 11561 1649 3201 2367 Z5556

12 15374 15626 1849 3713 2541 _6241

Sample No. 11 Leon Sand, N. J.

Nuclide Concentrations
A, Depth (dpm/100 g dry Wt)*** Nuclide Ratios
Inches Dry Wt.*g) Wet Wt.(&)* Sr Ru C C

1 4 4  
Ru 106Sr 90 s137/90 Cc 1 Sr90

0-1/2 306 406 327 927 1314 2003 2.8 4.0 6.1
1/2-1 387 451 92.6 183 206 182 2.0 2.2 2.0
1-2 1134 IZ56 46.0 54.6 37.0 16.7 1.2 0.8 0.4
2-3 1204 1285 11.4 22.1 9.4 7.9 1.9 0.8 0.7
3-4 1167 1255 14.5 10.2 28.9 10** 0.7 2.0 0.7
4-6 2743 2798 2.i -- <6.0 < 13.1 -- <2.4 < 5.2
6-9 3833 4003 1** .. .. <15.9 .. 1
9-1Z 4112 4235 1** .. .. - . ...

B. Depth Cumulative Activities
Inches Dry Wt.() Wet Wt.(g) Sr

90  
Ru lob CH137 Ge144

1/2 306 406 1001 2837 4021 6129
1 693 857 1359 3545 4818 6833
a 1827 2113 1881 4166 5238 7024
3 3031 3398 2019 4432 5351 7119
4 4198 4653 2187 4551 5688 7236
6 6939 7451 2257 -- < 5851 <7595
9 10772 11454 2295 -- -- Z8204
12 14884 15689 2336 . -- --
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Sample No. 13 Keyport Sandy Loam, N. J.

Nuclide Concentrations
A. Depth (dprn/100 & dry Wt. )*** Nuclide Ratios

Iachea D.ry Wt. I WetWyt.j* Gt g Hu 1 6  Cs 13 7  Ce144  Ru 11 6 /Sr o C1 3 7 1ST9 0 Ce144/S90

0-1/2 118 127 67,4 357 -- 808 5.3 -" 12,0
1/2-1 546 621 48.6 226 140 545 4.6 3.9 11.2
1-2 1561 1775 30.7 544 35.7 78.7 1.8 1,2 2.6
2-3 1139 1303 11** 37.0 <9.0 47.9 3.4 <0.8 4.4
3-4 1483 1636 4.1 6.3 -- 25.4 1.5 -- 6.2
4-6 28Z3 3143 2,2 5.9 4.6 32,7 2.7 2.1 14.9
6-9 4203 4853 1.8 5** -- 6.8 2,8 -- 3.8
9-12 3901 4463 2.3 3.9 3.8 10.0 1.7 1.6 4.3

B. Depth Cumulative Activities

Inches Dry Wt.(I) Wet W!Jg) Sr 
90  Ru 

10 6 
Cs137 Ce144

1/2 118 127 80 421 -- 953
1 664 748 346 1655 -- 3929
2 2225 2523 825 2504 -- 5158
3 3364 3826 1053 2925 -- 5704
4 4847 5462 1113 3019 -" 6081
6 7670 8605 1176 3186 -- 7004
9 11873 13458 1252 3396 -- 7290

12 15774 17921 1343 3547 -- 7680

Sample No. 17 Woodstown Sandy Loam, N. J.

Nuclido Concentrations
A. Depth (dpm/ 100 g dry Wt)*** Nuclide Ratios

Inchos Dy Wt. (I* Wet Wt.) r 0  
Au

1
0

6  C 137 Cc 144 Rul06 /Sr
9 0  

C137/Sr
90  

c144p;r
9
o

0-1 374 462 66.4 405 443 700 6,1 6.7 10.5
1-2 I/1 1440 1703 2Z.8 140 86,4 123 6.1 3.8 5.4
?.1/8-31/8 1326 1546 18,3 21.6 < 18.2 8,5 1.2Z < 1.0 1.6
31/8-41/8 1380 1553 24.0 6.9 < 4.0 31.1 0.3 < 0.2 1,3
41/8-61/8 277.2 3052 19.8 5.5 - 3,8 35** 0.3 0.2 1.8
61/8-91/8 4Z04 4783 2,9 2,8 2,4 39.5 1.0 0.9 13.8
91/8-131/8 5158 6281 1** 3,0 < 3,3 30.7 3.0 < 3.3 30.7

13. Depth Cursiulative Activities

Inches Dry Wt(g) Wet Mt.(g) Sr
9 0  Ru

0 6 
Cs

137  Cc
14 4

1 374 462 250 1516 1658 2620
21/8 1814 2165 578 3537 2903 4391
31/8 3140 3711 820 3818 3145 4769
41/8 4520 5264 1151 3900 3199 5333
61/8 7242 8316 1691 4064 3302 6286
91/8 A1446 13099 1814 4183 3404 7946

131/8 16904 19380 1869 4350 3584 9622
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Sample No. 18 Buckei Silt Loarn, N. J.

Nuclide Coxwentrations,
A. Depth (Wpn/100 gdry Wt.)*** Nuclide .Ratlos

Incheo P W M.g). wet w SO* O,90 Ru0 6  C137 Ce 14 4  Ru0 6 1Sr90 .1 3 713r90  Ce' 44 Sr9 0

0-,2 83 94.5 111 225 228 816 2.0 2.1 7.4
1/2-1 Z35 286 92.4 Z33 180 606 2.4 1.9 6.6
1-2 810 1020 86.6 165 407 Z93 1.9 4.7 3.4
2-3 978 1336 4Z.6 86.2 69.9 142 2.0 1.6 3.3
3-4 1057 1314 24.4 40.7 4-1.9 82.6 1.7 2.0 3.4
4-6 2108 368 13.3 <10.4 21.8 32.8 < 0.8 1.6 2.5
6-9 3163 3980 2.3 -11.8 11.3 20.5 5.1 4.9 8.8

B, Depth Cumulative Activities (dpm)

Inche Dry Wt.(R) Wet Wt(a) Sr Ru90 C Ce144

1/2 83 94.5 92 187 189 677
1 318 380 309 712 612 2101
2 1128 1400 1010 2048 3909 4474
3 2106 2626 1427 2892 4593 5863
4 3163 3940 1685 3323 5099 6736
6 5271 6588 1965 < 3542 5559 7427
9 8434 10568 Z038 Z3915 5916 8075

Sample No. 19 Craton Silt Loar, N. J,

Nuclide Concentrations
A. Depth (dpm/100 g dry Wt. )*** Nuclide Ratios

Inches Dry Wt.(g)* Wet Wt.(pj* Sr
90  Ru 10 6  Cs

1 3 7  Cc
14 4  Rut1

0 6 /Sr
9 0  C. 1 3 7 /Sr 9 0  Celd4 /sr90

0-1/2 100 179.5 193 2165 1507 6379 11.2 7,8 33.1
1/2-1 367 553.5 197 320 383 3866 1.6 1.9 19.6
1-? 1132 1540 47.8 96.8 43.7 102.4 2.0 0.9 2.]
Z-3 1291 17?1 32.9 29.9 <18.0 49. 1 0.9 0.5 1.5
3-4 1217 1598 19.7 24.7 --0* -- 1.3 0.5
4-6 1801 2875 10** 10. 2 8.7 .- 1.0 0.9 --
6-9 3588 4519 5.4 15.2 4.9 -, 2.8 0.9 --

13. Depth Cumulative Activities (dinn)
Inche 1!(j .j) Wet Wt.(g) Sr 9 0  

Ru
1 0 6  Cs137 Cc144

1/2 100 179.5 193 Z165 1507 63Y9
1 407 733 917 3339 2914 20567
2 1591) 2273 1458 4435 3409 21726
3 2890 3994 1883 4821 < 3641 22360
4 4107 5592 2123 5122 Z3763 --
6 5908 8467 2303 5305 '3919 --
9 9496 12986 2495 5850 Z4095 --
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Sample No. 20 Washington Loam, N. J,

Nuelide CeucaentraLiuna
AD Depth (dprn/ 100 jT dry Wt)*1** Nuclido Ratios

Inches ry W.(g) wet Wt. 1j* Sr_ _ 106 C137  CcI" Ru1 06 r90  G. 137 /S
9 0  CeI/Sr 

9 0

0. 11 178 263.5 69.6 239 181 457 3.4 2.6 (.6
l1/2- 466 616.5 67.2 2.6 170 408 3. 2.5 6,1
1-2 1112 1446 54** 134 65.9 177 2.5 1.2 3,3
Z.3 1089 1257 42.2 52.9 25*p' 73.6 1.3 0.6 1.7
3-4 1170 1445 11.1 20.9 < 9.6 33.0 1.9 <0.9 3.0
4-6 Z481 3045 3.6 10.0 Z9.0 18.1 2.8 Z-0.3 5.0
6-9 3215 4009 8.8 8.0 7. 0 10** 0.9 _0.1 1.1

B. Depth Cumulative Activities (dpm)

Inches Dry*Wt. (g) Wet Wt. (g) Sr
9 0 

R.
10 6 

CS131 Ce144

1/2 178 263.5 124 425 322 813
1 644 880 438 1618 1114 2714
2 1756 2326 1038 3108 1847 4682
3 2845 3583 1498 3684 2119 5484
4 4015 5028 1628 3929 <2231 5870
6 6496 8073 1717 4178 Z2455 6319
9 U711 12082 2001 4437 '2679 6641

Sample No. 28 'Pratt Loamy Sand, (Kansas)

Nuclide Concentrations
A. Depth (dpm/100 g dry Vft)*** Nuclide Ratios
Inches Dry Wt. (* Wet Wt.(2)* Sr

90  
Ru

10 6 
C.

13 7  
Ce

144  
Ru106/5r

9
0 Cs 13 7

/Sr
90  cs 1 4 4 1Sr 9 0

0-1/2 162 221 244 891 5304 2596 3.7 22. 1 10.6
1/2-1 461 556 Z00** 348 . 90.4 603 1.7 0.5 3.0
1-2 985 1111 204 117 34.3 103 0.6 0.2 0.5
2-3 1095 1221 26.7 43.8 < 3.6 22.5 1,6 0.2 0.8
3-4 118 1301 63.5 27. 1 -o** 17.5 0.4 -0 0.3
4-6 2483 2813 10** 19.6 < 6,6 18* 2.0 <0,7 1.8
6-9 3613 4063 <1. J 13.5 Z 5.5 18.7 --

B. DIAh Cumulative Activities (dprn)

_____ _______ r~ R 1 0 6  
137 144

Inches D L) ) Wet Wt. u) Sr_
0  

____
6 C 7 Ce

1/2 162 221 395 1443 8722 4206

1 623 7/7 1317 3047 9139 6986

2 1608 1888 3326 4199 9477 8001
3 2703 3109 3618 4679 <9516 8247
4 3891 4410 4372 5001 Z9516 8455

6374 7223 4620 5488 Z9681 8902
9 9987 11286 < 4660 5976 Z9880 9578
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a depth (A I/Z inch in the core. For this reason the 0-1/Z inch section is some -

what ar)itrary,and hence the advantages of expressing the depth in grams are

apparent,. This system of expressing the depth by the weight of a given sample

in a soil core also allows a better intercomparison of results between cores.

Colunis 4, 5, 6 and 7 give the concentrations of strontium-90, ruthenium-106,

cesium,137 and cerium-144 in dpm per 100g dry soil, all corrected for radio-

active decay to I July 1960, and the remaining columns in the upper section of the

table give the calculated results of the ratios of ruthenium-106, cesium-137 and

cerium-144 respectively to strontium-90. In some examples it became necessary

to interpolate certain nuclide concentrations because of analytical difficulties. The

interpolated data were generally determined from plots of the logarithia of the

nuclide concentrations as a function of depth in the core and assuming that' there

was a linear relationship between the above variables at depths between which a

result was missing. When duplicate activity determinations were performed for a

given depth the average value was given in Table 3.4. The lower ha.f of Table 3.4

gives the cumulative deposits of the four nuclides at the indicated depths. Inter-

polated values, noted in the upper section of this table by an asterisk, were

assumed in the summations of the activities.

Variation of Concentrations of Nuclides With Depth In Soils

The results of the concentrations of strontium-90, rutheniun-106,

cesium-137 and cerium-144 in New Jersey soils shown in Table 3.4 are plotted

in Figures 3. 14, 3.15, 3.16, and 3. 17 as a function of depthinthe soil cores. For all

four nuclides it is apparent that there is a sharp decrease in concentration with

depth. In general the concentrations drop by more than one order of magnitude in

the first 6000 to 7000 grams of soil, which is cquivalent to a depth in most soil,
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of about 6 inches, However, not all soils exhibit the same slope in the decrease

of nuclide concentration with depth. For e%=mple, those soils possessing .;he

highest concentrations of strontium-90 in the uppermost layer (Croton, Marlton

and Leon soils) do not maintain this position, relative to th 6 eraining soils, at

greater depths.. Rather, it is observed that at the 5000 gram depth the Marlton

and Leon soils possess the two lowest strontium-90 concentrations, while the

strontium-90 concentration in the Croton soil at this depth is intermediate in

value. Those soils w'hich have the lowest strontium-90 concentrations at the top

of the core possess the highest concentrations at the 5000 gram depth. The

Lakewood sand in particular is extremely interesting from this stand-point. Over

a total depth of 1Z inches the strontium-90 concentrations do not vary by more

than a factor of six, while in the Leon sand and the Marlton sandy loam the concen-

trations decrease over a smaller depth interval by factors of about 100 and 300

respectively. The differences in behavior of the radioactive nuclides in the Leon.

* and Lakewood sands is quite remarkable since these two samples were collected

within about 100 feet of each other. This general picture of the depth profiles

of strontium-90 in New Jersey soils is similarly visible in the results of the other

nuclide concentrations with only few exceptions. Again the rapid decrease in

nuclide concentration with depth is clearly seen for ruthenium-106, cesium-137 and

cerium-144. In addition it is observed that the soils with the highest concentrations

of these three nuclides in the top layers are the Croton, Marlton and Leon, not

necessarily in that order however. In terms of mineralogical composition

these three samples vary widely. The Croton is a silt loam, the Marlton a sandy

loam and the Leon is almost a pure sand. Thus we have encountered a broad

range of base-exchange capacity in three soils. It is likely therefore that

some factors other than the cation-exchange capacity of the soils play prominent

parts in influencing the variability of the concentrations of these four nuclides with
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depth in soils from New Jersey. Two likely factors are the permeability of the

soil and the drainage properties of the sampled soil and the underlying strata.

It is stated in the descriptions given in Table 3. 1 that the Croton and Leon soils

are poorly drained as a result of high water tables in the regions of the sampling

sites. Rainwater does niot soak through these soils very rapidly and thus there is

a higher probability of the radioactivity being retained by the materials in the

uppermost sections of the core. On the other hand the Marlton soil is well-

drained and hence drainage is probably not the n ajor factor governing the vertical

profile of radioactivity in this case. However, it is noted that the Marlton soil

is a moderate to poorly permeable material which results in a similar effect on

the passage of water through the soil as does poor drainage. Moreover the

Croton silt loam, in addition to its poor drainage properties, is also extremely

slowly permeable. It is believed that the combination of these two factors

results in this soil retaining a large portion of the total activity in the rore in the

top inch of material whereas in the Leon and the Marlton one of these factors,

either poor drainage or low permeability, appears to be the overriding influence

on the activity profile.

The average profile of activity in New Jersey soils is shown in Figure

3. 18 for all four nuclides. Because there appears to be some question concerning

the cerium results from the Croton samples these data were omitted from the

average. Also the results from the disturbed sample of Collington sandy loam,

No. 5, were omitted for obvious reasons. Figure 3. 19 indicates the relative

vertical profiles of activity concentrations which were obtained by expressing

the activities over, a given depth increment as a percentage of the cumulative activity

at the 6000 gram depth, and converting these results to concentrations by dividing

by the mass of soil in the depth increment.

If cesium-137 and strontium-90 concentrations are examined it is clear
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that the cesium- 137 curve has a steeper slope than the strontium-90 curve. This

observation indicates, as expected, that strontium-90 penetrates to greater depths

in the soil and is more mobile than cesium- 137. Direct comparison of these two

nuclides with the remaining two nuclides, ruthenium- 106 and cerium- 144, is

complicated by the fact that the latter two possess much shorter radioactive half-

lives (- I year) than the former pair (-30 years). It is difficultto correct the

observed concentrations of the short-lived nuclides at a given depth in soilbecause

the age of the material at any point cannot be assessed accurately. However,

because of the closeness of the half-lives of cerium- 144 (285 days) and ruthenium-

106 (1 year), some information on the movement of activity can be obtained from

a comparison of the behavior of the two nuclides. The relative profiles of ruthen-

ium- 106 and cerium- 144 (Figure 3. 19) indicate higher concentrations of cerium-

144 at the top of the soil core and a more rapid decrease in concentration than

ruthenium- 106 for the first 1000 g. Beyond this depth, however, it Is noticeable

that the ruthenium- 106 concentrations continue to fall quite rapidly whereas the

cerium- 144 results tend to show a diminished rate of decrease. This is, at

first sight, contrary to what would be expected to be the normal behavior of

these nuclides in soil. Ruthenium has been shown to be relatively mobile, whereas

cerium, because of its similarity in chemical properties to the rare earths, is

quite immobile. If the ruthenium- 106 and cerium- 144 at the lower depths have

similar dates of origin, correction for radioactive decay would enhance the

divergence between the two profiles.

Three possible explanations can be advanced to clarify the anomaly.

First, it is possible that the ruthenium.. 106 at depth is relatively much older than

the cerium- 144 fraction. Thus a greater radioactive decay correction factor for

ruthenium-106 compared to cerium- 144 would be necessary in the lower sections

of the cores analyzed. The result of this correction would be to decrease the
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divergence' between the concentration curves at depths greater than 2000 grarnis

and increase the differences between the two nuclides in the upper sections of the

core. 13uch 4n explanation, however, is quite opposed to theories on movement

of these elements in solution through soils and must therefore be considered

unlikely'at the present time. A second possible explanation is that the ruthenium-106

observed in the cores taken for analysis does not represent the actual amount

deposited as fallout. Rather, because of the proven mobility of this nuclide under

other conditions much of the deposited material may have passed on through the

core so that it was never sampled. Since neither ruthenium-106 nor cerium-144

concentrations in precipitation have been assayed on a wide scale,this theory in

difficult to disprove. Nevertheless, some assumptions were made concerning

the cerium-144 and ruthenium-106 / strontium-90 ratios in precipitations since

1953, and estimates of the total deposits in soil in 1960 were made. Table 3. 5

indicates how this calculation was performed. Even though gross assumptions

were made about the source of nuclear debris depositedd ring the years prior

to 1958, it is clear that the bulk of the cerium- 144 and ruthenium- 106 present

in the soils on 1 July 1960 was deposited during the previous two year period. The

ratios assumed for this two year interval are quite well known because data are

available on the Ce 144/Sr 9 o ratios in air and precipitation. 10, 11 Furthermore,

the source of the fallout in New Jersey in this interval is also well-established. so

that the Rul0 6 /Sr 9O ratios may be estimated if the initial activity ratio of 24 at

the time of detonation is assumed. 12 Comparison of the estimated values with

the best values which can be calculated from the measured activities is presented

in Table 3.6. It is encouraging to note the agreement between the observed and

estimated deposits of the four radioactive nuclides examined. At the same time

the agreement tends to remove the possiblility that considerable quantities of

ruthenium-106 penetrated to depths greater than 12 inches.
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The third possible explanation, which may be the most likely, is that

the cerium-144 concentrations at depth in the core could have been overestimated.

Between the 4000 and 6000 gram depths, in the New Jersey soils, there were three

samples for which only upper limits of the concentration coutld be estimated. When

Figures 3.18 and 3.19 were plotted the maximum concentrations of cerium-144

were assumed and hence the average concentration for all soils is probably some-

what overestimated. In addition the problems associated with the measurement

of low concentrations of ruthenium- 106 and cerium- 144 result in larger uncer-

tainties in the data fTom the lower sections of the core. Hence some caution

ought to be exercised in the interpretation of data obtained on samples taken from

depths greater than 6 inches o0 soil.

Cumulative Deposits of Radioactivity in New Jersey Soils

Table 3. 7 gives the average deposits of the four radioactive nuclides

strontium-90, ruthenium-106, cesln-137 and cerium-144 in New Jersey AilA.

The depth at which 100 percent of the total amount of fallout radioactivity was

assumed to be present was 14, 000 grams of dry soil. With the possible exception

of cerium-144, it appears from this table, and from Figure 3. 20, that the

assumption of 100 percent of the activity being present in the first 14, 000 grans

of dry soil (%- 1Z inches) is justified. For reasons cited above and from

theoretical considerations described previously, it is probable that the average

cumulative activity of cerium- 1-44 at the 14,000 g depth is rather high.

From Figure 3. 20 it is apparent that there is a distinct tapering off in the rine

of cumulative activity at 4000-6000 grams (" 4-6 inches), and beyond the 6 inch

depth there is only a small increase in the average total activity of each nuclide

present in New Jersey soils. The average percentages of the total activity in the
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soil samples (to 14, 000 g) are given in Table 3.8. It must be remembered that

not all soils were sampled to 14, 000 g and *n these particular examples the

cumulative activity had to be estimated. The estimated values were obtained by

reasonable extrapolation of the curves shown in Figures 3.14 through 3.17 for

each nuclide, and it is believed that these extrapolations do not introduce any large

errors in the calculated quantities of the average total fallout in New Jersey soils.

The analyses of soils for the purpose of estimating world-wide integrals

of strontium-90 have usually been performed to a depth of 6 inches. During 1959

this depth was extended to 9 inches for most soil samples to ensure complete

recovery of the deposited strontium-90. From Table 3.8 and Table 3.9 it

appears, when many different soil types are assayed, that the amount of

strontium-90 in underlying depths when sampling is conducted to 9 inches is

about 5 percent. Of course this fraction varies, as can be seen in the results

shown in Table 3.4. The Lakewood sand, for example, has approximately 11

percent of the total strontium-90 below 9 inches, and the Washington loam has

about 14 percent present below 9 inches, while the Leon sand appears to have a

maximum of Z percent of the cumulative activity in tho core between 9 and 12

inches. Data, comparable with the above, have been obtained by Schulert et a11 3

for soils collected in the New Yqrk City area in 1958. Their results suggest that,

ior "average" soils, about 80 percent of the strontium-90 was retained in the

upper 2 inches and at least 95 percent in the upper 6 inches in 1958. Our results

yield 54.5 percent and 88.4 percent for the same depths but in 1960. Although

Schulert et al1 3 reported that their data indicated relatively slow migration of

strontium-90 between 1954 and 1958 our data when compared to the results of

Schulert et al for 1958, do suggest that some movement has occurred in the period

1958- 1960.

Other studies of the distribution and movement of strontium-90 in soils
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Table 3. 7 Variability of Cumulative Activities of Strontium-90, Ruthenium-106,
Cesium-137 and Cerium-144 in New Jersey Soils (July 1, 1960)

Average
Cumulative Standard Average

Activity at Deviation Deviation
Nuclide _4. 000 p (dpm) (Percent) ( ere_

Strontium-90 2072 16.9 13.1

Ruthenium- 106 4677 21.1 17.5

Cesium-137 4290 32.5 27.2

Cerium-144 8190 20.5 15.6

Table 3. 8 Average Percentages oi Total Activity in Soils as a Function of Depth

Depth (grams dry soil)

Nuclide 250 750 1500 2500 4000 6000 14000

Strontium-90 16.7 34.1 49.6 63.6 76.4 85.1 100

Ruthenium- 106 25.6 47.8 64.5 76.1 84.6 89.9 100

Cesium- 137 28.7 55.3 71.7 80.9 88.2 93.4 100

Cerium-144 32.4 55.4 66.3 74.8 80.9 87.0 100

Table 3. 9 Average Vertical P'vofile of StIrotium-90 in New Jersey Soils

Depth Percentage of Cumulative Activity
(Inche at 12 Inches Depth

1/2 15.4

1 31.3

2 54.5

3 68.8

4 78.7

6 88.4

9 95.6

12 100
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have been made. Thornthwaite endeavoured to explain the observed vertical

profiles of fallout strontium-90 in New York City soils during the period 1955-1?)59

on the basis of a mathematical model. OCly limited agreement was obtained

between the observed and calculated values. Miller and Reitemeier 1 5 have

conducted. laboratory experiments with diffbrent soils ,ranging from sands through

clay loams to determine the movement of strontium-89 in these media under varying

conditions. In general they found more movement in the sandy loam than in the

clay or silt loams. This finding is in agreement with our results for soils which

were relatively well-drained and diffe',ed only in their cation-exchange capacities

and pernmeabilities.

Variability of the Total Deposits of Radioactivity in New Jersey Soils

Tables 3. 7 and 3. 8 give the cumulative deposits of strontium-90,

ruthenium-106, cesium-137 and cerium-144 in New Jersey soils. Table 3.8.

also indicates the "standard deviation" of the cumulative activities. The

term standard deviation can only be applied to a normal distribution, and since

only the results from ten samples from the state of New Jersey contribute Lo the

determination of the average and its standard deviationthe use of these calculations

is questionable. However, it serves to give some picture of the degree of

variability in this area. Perhaps a more meaningful expression is the range

of cumulative activities and the average deviations from the mean which were

found. With the exception of the cerium-144 results determined for the Croton

suil, in no area did the maximum and minimum cumulative activities diffcr by

more than a factor of three. For strontiuni-90, ruthenium-106 and cerium-144

the extremes were 'within a factor of 2 of each other, while for cesium-137 the

extreme results were within a factor of 2.5 of each other. Alexander7 has
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presented data which as. somewhat comparable to out results. In 1958 several

pairs of soil sites I to 25 miles apart were selected for sampling. Analytical

determinations of strontium-90 cn duplicates of the samia soil samples agreed to

within 0. 72 mc strontium-90/mi , while the variation between sites in the same

general area averaged 1. 64 mc/mi . Thus difference in deposition between

similar sites was approdimately 1. 0 mc/miz when the deposits of strontium-90

ranged from 4 to 45 mc/mi 2 with an average of 13.7 mc/mi 2 . A maximum

difference between two sites was observed at Tokyo, Japan where one site yielded

a deposit of 30.8 mc/mi2 and the second site yielded 23.5 mc/mi2 . The percentage

average deviation of strontium-90 from the mean at soil sites sampled by Alexander

was this U2. 0 percent, compared with our average deviation of 13. 1 percent for

sites situated up to 100 miles apart. Our average deviation from the mean for

duplicate radiochemnical determinations was 8.3 percent, compared to Alexander's

result of 5.3 percent. Excellent agreement has been found, therefore,both for

radiochemical assays and for the heterogeneity of the strontium-90 deposit over

a large area. Further work by Alexander et a, 8 for soils collected during the

period 1956 through 1959 led to the conclusion that on the average the error in

analytical rcroducibility was less than 10 percent for the majority of soils assayedj.

This additional work further substantiated the conclusions based on the 1958 results

alone.

Variability of Nuclide Ratios Within Soils

The variability of the concentrations with depth (and henr e the nuclide

ratios) of the four nuclides examined in the present study was discussed in a

previous section. In this discussion we are concerned more with the ratios of the

cAmulative deposits of each nuclide.
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The cesium-137/strontium-90 ratio is the quantity of most interest

because it has a direct bearing on the questions of fractionation of nuclear debris

and the radiological hazard from externally deposited gamma emitting nuclides

such as cesium-137. The ratio of cesium-137/strontium-90 in the cumulative

deposits to a depth of 14, 000 g (1-- 12 inches) is 2. 1 + 0j 8 which is in accord with

an initial activity ratio of 1.87 for the fast fission of uranium-238 12 and a value

of 1. 7 + 0. 5 determined from the ar.lyses of air filter samples collected in the
.- 16

HASP program. Other analyses of soils for cesium-137 by Gustafson have

been performed. Combined with the strontium-90 results, which were determined

by HASIL, Gustafson obtained an average value for the cesiurn-137/strontium-90

ratio down to a depth of 6 inches of 1. 6Z + 0.34. Also, Gustafson recently

reported that the cesium-137 concentration in soil near Argonne at the end of

1959 was approximately 200 mc/mi 2 compared to our average deposition in New

Jersey of 155 inc/mi2 .

There has been considerable speculation regarding the use of cesium-137

measurements as a means of quickly determining the strontium-90 contents of

soils. From our studies it is clear that this would only be possible if the soil was

sampled to sufficient depth. Table 3. 10 indicates how the average cesium-137/

strontium ratio in New Jersey soils varies with depthland it can be seen that if

soils were sampled to about 1 inch depth (to about 1500 g),thc strontium-90

deposit calculated from the measured cesium-137 deposit could be overestimated

by at least 50 percent.. This discrepancy could quite easily be much greater and

will depend on the type of soil being analyzed, as was discussed briefly in

preceding sections. For example in the Lakewood sand the ratio of the cumulative

deposits of cesium-137 to strontiumn-90 was 10.8 in the first half inch of soil, and

greater than 5 in Lhc first o-c inch. In une of the lansas srmples, the Pratt

loamy sand, cesium-137/strontium-90 ratios of 22 for the first half inch and 7 for
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the top one inch were observed. The limitations of using a quick cesium-137

determination to assess the corresponding strortium-90 content in a given sample

are therefore quite clear.

The ratios of the cumulative deposits of other nuclides to strontium-90

in New Jersey soils are given in Table 3. 11. Although these results agree quite

well with our predicted ratios given in Table 3. 5,there are some large discrepancies

between our results and those of Gustaison. reported by Alexander, Hardy and

Hollister for 1959 soil analyses at Argonne 1 7 . According to Alexander et a117,

the ruthenium-106 and cerium-144 deposits at Argonne in July 1959 were 1202

mc/miZ and 1812 mc/mi respectively. If it is assumed that the deposition of

these nuclides during the period July 1959-1960 was practically nil, the amounts

of radioactivity present in July 1960 would be approximately 600 me/mi2 for

ruthenium-106 and about 750 mc/mi for cerium-144 after correction is made for

radioactive decay., For the same time in 1960 our results yield deposits of
2

109 mc/mi for ruthenium-106 and 296 mc/mi2 for cerium-144. Thus the

results predicted from Gustafson's data are factors of 3.5 and 2. 5 higher than our

data for ruthenium-106 and cerium-144 respectively. From Table 3.5 it is

possible to estimate deposits of these nuclides for September 1958 which may be

compared with Gustafson's data for the same time. Inspection of Table 3. 5

indicates that the agreement is good between our estimated data and Gustafsonts

results of Z10 mc/mi z for ruthenium-106 and 270 mc/mi 2 for cerium-144.

The major discrepancy lies therefore in the deposits estimated for early 1959.

During the period September 1958-July 1959 the Argonne data indicate increases

in ruthenium-106 deposition of 1000 mc/mi2 , cerium-144 - 1542 mc/rniz and

Gustaf soil recently reported deposits of 790 mc/mi and 1160 mc/mi of

ruthenium-106 and cerium-144 respectively for 9 July 0.
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Table 3. 10 Average Cesium-137/Strontium-90 Ratios with Depth in
New Jersey Soils

Depth Increment C 1 3 7 sr9 0 Ratio (iulabve
(g dry soil) in Increment C iSr Ratio

0-250 3.6 3.6

250-750 3.2 3.4

750-1500 2.2 3.0

1500-2500 1.4 2.6

2500-4000 1.2 2.4

4000-6000 1.2 2.3

6000-14000 0.9 2.1

Table 3. 11 Average Nuclide Ratios of Cumulative Activities in New Jersey Soils

Cumulative Activity Ratio
Nuclides (dpm/dpni at 14. 000 g depth)

Cesium- 137/Strontium-90 2.1 + 0.8

Ruthenium- 106/Strontium-90 2.3 + 0. 6

Cerium- 144/Strontium-90 4.0 + 1. 0
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cesium-137 - 70 mc/mi . It appears safe to assume, in view of the fairly good

agreement between our cesium-137 determinations, that the strontium-90

deposition during the above period was between 35 and 40 mc/mi 2 . Hence, the

Argonne measurements lead to results of 25-30 for the ratio of ruthenium-106 to

strontium-90 and 38-45 for the ratio of cerium-144 to strontium-90 even if

radioactive decay is not allowed for during the 9 month period. The activity

production ratio for ruthenium- 106/strontium-90 is 25 and for cerium -144/

strontium-90 it is 55. In the case of ruthenium-106,therefore,the results from

Argonne appear to be rather high for the 1958-59 period. For cerium-144, it is

quite well established that it is fractionated in ground bursts, and thus a value of

38-45 for the cerium- 144/strontium-90 ratio is probably high for early 1959. In
10

addition the data of Lockhart et al suggest that the ratio at this time should be

in the region of 20-25, which is a factor of two or more lower than the Argonne

results suggest for the same period, when corrections for decay are applied. In

conclusion therefore,the weight of evidence appears to suggest that the results for

the deposition of ruthenium-106 and cerium-144 during late 1958 and early 1959

at Argonne are much higher than expected on the basis of both theoretical and

practical considerations. It must also be noted that the ratios of the deposits of

short-lived nuclides, including zirconium-95 -niobium-95, which were deposited at

Argonne in 1959 are internally consistent with respect to the production ratios of

the isotopes from the fast fission of uranium-238.

Distribution of Radioactivity in Disturbed and Undisturbed Soils

For the purpose of examining the effects of man's agricultural activities

on the distribution of radioactivity in soils, two soil cores were collected in New

Jersey. One samnple (No. 4) was collected in a field which had been cultivated
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regularly and at the time of sampling was under corn. The undisturbed sample

(No. 5) waai taken fro.m the same soil (Colllngton sandy loam) In an adjacent field

which had not been cultivated for at least 8 years, but which retained all the other

characteristics of the first sample. The reoults of the analysis for the four

natclides are shown graphically in Figure 3.21.

Cultivation of the soil has obviousl.y had a marked effect on the distribu-

tion of radioactivity. No longer are the steep decreases in concentration of the

nuclides with depth clearly visible in the disturbed soil. Rather it i.- apparent

that considerable homogenization of the activity in the core has occurred. The

mixing, which undoubtedly was caused by periodic plowing of the soil, was

a.pparently not complete. There are tendencies for the concentrations of all

four nuclides to peak at about 5 inches depth, which is probably explained by the

placing at this depth of considerable amounts of material from the top layers of

the soil. Since the plowing occurred at the end of 1959 and most of the short-

lived nuclides were deposited in the spring of 1959 (see Table 3. 5) this explana-

tion seems feasible. Average concentrations dt the bottom of the core, i.e. ,

between 5 and 12 inches, are somewhat higher in the plowed material than in the

undisturbed soil. This too is probably the reuulL of plowing and possibly the

added effect of nuclide movement caused by water passing through the soil matrix.

It certainly cannot be attributed to any additional amounts of radioactivity being

present in the plowed soil, as can be seen in the results of Table. 3. 4.

Application of Results to World-Wide Fallout of Strontium-90 and the
External Hazard from Fallout Radioactivity

Many of the implications of the present study to the question of the world-

wide fallout of strontium-90 have been mentioned in prcvious sections. The points

2
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of greatest import are probably the distribution of radioactivity with. depth ando

the variability of the cumulative deposits of the nuclidet, over a given area. - O.vOT-.

an area the size of the State of New Jersey (7500 mi2 ) :.t was dete.rmined that the

average deviation of strontium-90 from the meah of ten samples (area 5. ft 2 )

was about 13 percent. This uncertainty is quite small, and since it includes the

errors in radiochemical determination in addition to the uncertainties in sampling,

it is felt that the strontium-90 deposit in New Jersey is quite well-established.

It is difficult to ascertain the quantity of strontium-90 deposited in eastern

Kansas from the limited data which are available. Nevertheless the strontium-90

and cesium-137 cumulative activities are apparently considerably higher than

in New Jersey-, but the concentrations of ruthenium-106 and cerium-144 are

approximately equal to the deposits in New Jersey. This observation could be

explained by the fact that the eastern sections of Kansas have probably received

a larger fraction of their total fallout from lower yield shots detonated in the

Nevada desert. Any short-lived activity from these sources has most likely

decayed to only a small fraction of the original deposit, and the predominant

contribution to the ruthenium-106 and cerium-144 activities is probably world-wide

fallout from high yield shots in the megaton range . The possibility that this

extra activity (- 80 inc/mi 2 for strontium-90) is entirely Nevada debris seems
19

rather remote, however, in view of other sall results from neighboring states

Any further conclusions at this time regarding this high deposition in eastern

Kansas would be unwarrented until we have more extensive data on this point.

As far as depth considerations are concerned,it will be necessary in the

next 2 years to a-rnple soils to at least 9 inches to ensure recovery of at least

90 percent of the total strontium-90. Although it is not yet possible to describe

accurately the future redistribution of fallout strontiuin-90 with time as a result

of water movemert, it is believed that careful studies will enable this factor to be
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established in 2 or 3 years. Of course the extent of the redistribution will

depend on soil type and It may be necessary to sample sandy soils to depths

greater than 1Z inches to ensure complete recovery of the activity, particularly

strontium-90.

Some of the factors governing the vertical profiles of activities within

soil cores have been discussed. These factors included the type of soil,

permeability and drainage as three of the most important. One other possibiiti

namely the organic content of the material, was not examined in great detail. The

influence of this variable is, however, rather difficult to pursue with the small

number of types of soils which were analyzed in the preset program. The

Rutledge fine sandy loam is the only soil in the group which possesses an

abnormally high content of organic material. Unfortunately this property is

combined with poor drainage characteristics in this particular soil. This leads to

relatively high concentrations of the four radioactive nuclides in the top part of the

core. Since the latter feature itself appears to have a marked effect on the

distribution of radioactivity, the influence of organic content may be somewhat

obscured in our results.

The fallout deposit of gamma-emitting nuclides in soil constitutels an

external source of wadiation to the human body but, because of the added radioactivity

which is present from natural sourcesjthe concentrations of the former are

difficult to measure directly. The dose rates etc. from fallout have also to be

obtained indirectly since they cannot be measured in the field. Consequently

several theoretical matheynatical expressions have bean derived which express

the dose rate to a human being from a given deposit of radioactivity distributed

in some manner in the soil. Various assumptions have been made regarding

this distribution of radioactivity in the ground, the build-up factors from

scattering of the radiation and the shielding factors, such as the effect of buildings,
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in obtaining these equations. The final expreesions for the dose rate must, there-

fore he approximate since little experimental work ia available to verify these

assumptions.

The expression given by the U. N. 0 for the computation of the exposure

dose rate from deposited fission products is based on the uniform distribution of

the activity over an infinite *plane. The equation is

I = CxYxFD,

where

I is dose rate to the gonads in m rad/year,

fy is average gamma ray energy (MEV) and

F D is activity of deposit in mc/mi2 .

C is approximately equal to 0. 04. For the above units for a deposit of 1000 mc/

m12 of fission products with an average gamma-ray energy of 0. 5 MEV the "infinite

pland'dose rate is about 20 m rad!year or 2. 3 p rad/hour. In New Jersey soils we

detcrmined an activity of 620 mc/mi 2 from three of the major contributors to the

external gamma dose. Thus the dose rate to the gonads from these three nuclides

alone is less than 2 p rad/hour. Gustafson 1 8 , utilizing a modification of the above

formula, found a dose rate which is about one third the result reported here. The

maximum permissible radiation exposure recommended by the NCRP 2 1 for external

exposure of the gonads is 0. 5 reins multiplied by the number of years beyond age

18. Thus the dose rate calculated by us, for the three nuclides analyzed, is abuui

3 percent of MPD rate in 1960 for people older than 18.
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CONCLUSIONS

In summary the following conclusions may be drawn regarding the deposi-
P

tion of strontium-90, ruthenium- 106, cesium- 137 and cerium- 144 in New Jersey

soils.

1. The average deposits of the above four nuclides in New Jersey were about
75, 160, 155 and 295 mc/mi 2 respectively on I July 1960. These values
are in agreement with results for this area predicted on the basis of results
of fission product determinations in precipitation and ground-level air.

2. Some discrepancies are observed between the concentrations of the short-
lived fission products ruthenium- 106 and cerium- 144 in the New Jersey
and Chicago areas.

3. The average deviation of the cumulative deposits in New Jersey, calculated
from the results of analyses of 11 cores, is about 15 percent for strontium-
90, ruthenium- 106 and cerium- 144. Cesium- 137 results reflect a higher
deviation of about 27 percent. With the exception of one soil the maximum
and minimum cumulative activities for a given nuclide did not vary by more
than a factor of three for all soils."

4. Vertical profiles of radioactivity within soils vary considerably and can be
correlated with certain physical parameters. Permeability and drainage
characteristics of the soil and underlying strata appear to have profound
influences on the distribution of radioactivity with depth.

5. In the "average" New Jersey soil in 1960 about 55 percent of the total deposit
of strontium-90 is cohtained in the top 2 inches, about 79 percent in the top
4 inches and about 96 percent in the top 9 inches. These valucs contrast
quite sharply with similar data observed by Schulert et al for soils collected
In the same general area in 1958.

6. As expected strontium-90 appears to have penetrated to greater depths in
the soils, on the average, than the other comparable long-lived nuclide
cesium- 137. Because of the difficulties involved in correcting the observed
activities of cerium- 144 and ruthenium- 106 for radioactive decay, the relative
mobilities of these nuclides are somewhat obscured. Nevertheless, while
ruthenium- 106 shows relatively more penetration in the tops of the cores than
cerium- 144, the profile is inexplainably reversed at greater depths.

7. From the radiological hazard poirnt of view the combined activities of the three
gamma-emitting nuclides yield a dose rate which is less than 3 percent of the
external dose rate recommended by the NCRP for the general populace. This
level of activity will, of course, decrease rather rapidly with time as the
radioactivity decays.
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CHAPTER 4

PLUTONIUM IN MAN AND ENVIRONMENT

Fallout plutonium does not result ditectly from the fission reaction

occuring in a nuclear detonation. However, it is produced in a nuclear detonation

as the result of the tadiation capture process of the uranium-238 present in the

device. In this process, neutrons which are released by the fission reaction are

absorbed by the uranium-238 with the subsequent emission of gamma rays to form

uranium,-Z39. Uranium-239 decays with a 23.5 minute half-life to neptunium-239

which in turn decays with a 56 hour half-life to plutonium-239, i. e.

U2 3 8 (n, y) U2 3 9  2 Np2 3 9  ' Pu2 3 9
Z5mi. 156 hours

Actually there are two significant nuclides of plutonium which are produced.

Plutonium-240 is also generated as the result of successive neutron capture of

uranium-238, i.e.

U2 3 8 (n, y) U2 3 9 (n, y) U2 4 0  4 fLhNs Npu240

The radiation characteristics of plutonium-239 and plutonium-Z40 are

given in Table 4. 1. Both isotopes are alpha emitters with similar encrgies of

emission. They have the same chemical characteristics, and it is impossible by

normal radiometric assay techniques to differentiate between the two. Consequently

tlhc total plutonium in a sample is usually measured without reference to its isotopic

composition. Although the half-life of plutonium-240 is about 1/4 that of

plutonium-239, radioactive decay of plutonium-Z40 will not be significant for

many years since its half-life is 6, 600 years.

Mode of Entry into Humans

Plutoniun has always been considered an extremely hazardous

radioactive nuclide at far as incorporation into biological systems is concerned
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Table 4. 1 Radiation Characteristics of Plutonium-239 and Plutonium-240

Isotope Half-Life Emisions

Plutonium-239 24, 300 Years y 5. 15, 5. 14, 5. 10 Mev
yO.052, 0.039, Mev

Plutonium-240 6, 600 Years y 5. 16, 5. 12 Mev

y 0. 045 Mev
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Once in the blood stream, it has been described as a bone seeker with 85 percent

of the absorbed plutonium being fixed in the skeleton and largely rtained

throughout the lifetime of the animal. However, the liver, kidney, and lymph

iM nodes have also been observed as sites of plutonium deposition 2 . Since the

apparent half-time of plutonium elimination from the skeleton in man is about

200 years, it is accumulated by the body on absorption.

Two modes of entry of fallout plutonium into man have been considered,

namely ingestion and inhalation. To evaluate ingestion as a mode of entry, the

plutonium was traced through the ecological cycle from soils to man. Since

plutonium is tightly bound when deposited in soil and is chemically unrelated to

any of the essential nutrients of plants, its incorporation into plant metabolism

was considered unlikely. In studying the absorption of plutonium by barley from

a sandy soil, Rediske 3 reported that the ratio of plutonium concentration in dry

plant material to the concentration in the soil was 9 x 10- 4 . When domestic

animals ingest such plant food, there is an additional 10-4 discrimination factor

in meat and dairy products. Langham I reported that "the over-all discrimination

in going through the ecological cycle from soils to man is at most 5 x 10-8 ,.

With such a large discrimination, it was concluded that a significant degree of

incorporation of plutonium fallout into man via the ecological chain was quite

unlikely. However, Langham added that "incorporation via inhalation and direct

fallout on vegetation, ,liLhough insignificant also, probably would be much greater

tham incorporation via ecological transport. "

To further evaluate inhalation as a mode of entry of fallout plutonium

into man, the mechanism describing the pulmonary deposition, retention and

turnover must be known. The Harinan Conference on Permissible Dose 4

adopted a lung model in an attempt to simplify the many factors involved.

Basically the model assumes that 75 percent of all inhaled particles are deposited
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in the respiratory tract. Approximately 50 percent of those inhaled are removed

by ciliary action and swallowed. The elimination of these particles by this

process in considered to be independent of solubility and to occur with a half-

time of about 20 days. Of the 25 percent remaining, two possibilities are

considered: (a) if the substance is readily soluble, it is assumed to be taken up

quickly into the body; (b) if the material is insoluble, it is assumed that half

will be eliminated from the lungs by way of the tracheo-bronchial tree and be

swallowed, while the rest, namely, 12. 5 percent of the initial aziount inhaled, is

considered to remain in the lung with a half life of 120 days.

Stannard 5 has investigated inhalation hazards and has concluded that the

accumulation of material in pulmonary lymph nodes on a per gram of tissue

basis, particularly after prolonged inhalation exposure, may greatly exceed that

in the lung. He has shown that in controlled experiments with animals the dpin

of plutonium per gram of pulmonary lymph node tissue is higher by factors of 10

or more that the corresponding dpm per gram of lung tissue. This is analogous

to the reports from medical authorities that radioactive colloidal gold concentrates

in the lymph nodes when injected into patients for therapeutic or diagnostic

purposies 6 . Stannard concluded further that the lymph nodes may limit exposure

under many conditions and that calculation of maximum permissible doses on thio

basis may be required. IBair 7 fo u d soriewhat comparable results from the

intratrachcal administration of plutonium oxide in dogs. Ten days after exposure,

the p1itoniium dlprn per gram of pulmonary lymph nodes was already about 0. 1

percent of the value for the lungs, indicating that the pulmonary lymph nodes

rapidly accumulate plutonium. Bair also noted plutoniun was translocatcd from

the lungs to the ovaries and bones.
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EnvirQmnental Levela

Baus 8 has shown that the average strontiunx-90 concentration in ground

level air for Washington, D). C, in mid 1957 was about 1.5 dpm per 100 standard

cubic meters. Using the Pu/Sr 9 0 dpm ratio of 0. 018 obtained from the HASP

analyses of stratospheric air, the plutonium concentration for ground level air

is calculated to have been 0.027 dpmr/100 SCM. The AEC regulations in Part 20

Title 10 of the Federal Register specify that the maximum permissible concen-

tration of soluble plutonium (either plutonium-29 or plutonium-240) in air for the

general population is about 1.4 dpni/SCM when bone i., considered to be the

critical organ. The plutonium concentration calculated above (0. 027 dpm/ 100 SCM)

represents approximately 0. Z percent of MPG.

Sii-A(.e man breathes at an average rate of 20 standard cubic meters per

day, he inhaled about 0. 0054 dpm of plutonium per day in mid 1957. According

to the Harriman lung model, 62. 5 percent of the plutonium is eliminated from the

* lungs with a 20 day half-life, while 12. 5 percent of the plutonium remains in the

lung with a 120 day half life. It was further assumed that at equilibrium, the

elimination rate from the lungs by each process is equal to the deposition rate.

Therefore:

0. 625 x 5.4 x 10-3 dpm Pu elimated/day= 0. 693 x (dprn Pu)I in (4. 1)
by process I 2U- ys lung

0, 125 x 5.4 x 10) dpm Pu elimated/day= 0. 693 x(dpm Pu)2 in (4.2)
by process Z 72=a ys lung

Solving the above equations for the plutonium activity in the lungs yields

0,097 and 0.117 dpm by process I and 2 respectively. Their sum representing

the total lung burden is 0.21 dpr. Since the weight of the lungs is about 1000

grams, the plutonium concentr-ition in human lungs in mid 1957 calculated from

the Harriman lung model was 0. 21 x 10- 3 dpm/gram of tissue. This concentration
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can be translated to percent of maximum permissible dose by the following

derivation:

E NBS Handbook 6910 proposes a maximum annual dose of 15 reins for

most individual organs of the body and 5 reins for the gonads or the whole body

for occupational workers. By applying a 1/10 reduction of this dose for the

general population, the plutonium concentration in most individual organs can be

converted to percent of maximum permissible dose to that organ by multiplying

the dprkpo by a factor which converts the alpha energy per disintegration per$01
tissue

minute to reins per year and dividing by the MPD in reins per year. This gives

_-.d- x 28. 8 j% of MPD to organ. (4.3)
g of tissue

Since the MPD to the gonads is 1/3 that of most individual organs:

dpm Pu x 86.4 - % of MPD to gonads. (4.4)
g of gonads

According to equation 4.3, the 0. 21 x I0-3 dpm Pu/gram of lung tissue

calculated above represents about 0.01 percent of MPD to the lungs.

Based on these measurements and calculations, and in view of the rapid

accumulation of plutonium in the pulmonary lymph nodes, inhalation of fallout

plutonium was considered to be a significant mode ox entry into the body and

further investigation appeared warranted. Eight samples, selected at random

from the library of daily air samples from the Washington, D. C. area, and

collected from March through June 1959 were made available to Isotopes, Inc.

by D)r. L. B. Lockhart, Jr. of the U, S. Naval Research Laboratory. The

plutonium analyses of these filter paper samples gave an average value of about

0. 14 dpm/ 100 SCM which is a factor of 5 greater than the value calculated for

mid- 1957. This agrees with the British estimate of 0. 2 dpni/ 100 SCM for this
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period" 1. The spring 1959 ground level air concentration of plutonium represents

about 1 percent of MPC for the general population. Using this moat recent con-
centration in equations 4. 1 and 4. 2 yields 0. 48 dpm respectively, or a total lung

r i

burden of 1. 06 dpm. This burden corresponds to about 0. 05 percent MPD in the

lungs. As a result of these estimates and measurements, a cursory investigation

of plutonium in human and animal tissue was undertaken.

Analytical Procedure

After the wet weight of the sample was determined, the sample was ashed

in an evaporating dish over a Meeker burner. The residue was ignited in a

muffle furnace at 650°C for 8 hours or until all the carbon was burned off. The

ash was fused with 5 grams of sodium carbonate at 9.50C for 1/2 hours. The

cooled melt was dissolved in hydrochloric acid and diluted to 250 ml for analysis

as follows; any undissolved silicious material was washed and discarded.

1. Adjust pH of sample solution to I with conc. NH4 OH; add 10 ml of
5% NH 2 OH. HC1 and wait 10 minutes for reduction to Pu+3 .

2. Add 2 ml of saturated Bi(NO3)3 solution and conc, NH4 OH dropwise
with stirring until Bi P04 precipitates. The pH of the supernate
must not be greater than 1. 5; adjust if necessary with the dropwise
addition of conc, HCI.

3. Digest the precipitate at room temperature for 1/2 hour; aspirate
the supernate to about 50 izil. above the precipitate and discard the
supernate.

4. Transfer the mixture to a Lusterold tube, centrifuge and discard the
supernate. Wash down the sides of the bezker which contained the
precipitate wi:h 10 ml of 5 I HCI and heat. Transfer the HCI wash
from the beaker to the Lusteroid tube to dissolve the BilP O 4 precip-
itate. Wash the beaker with another 2 ml of 5N HCI and combine in
the Lusteroid tube. (Note 1).

5. Add 1 ml of lanthanam carrier (2 mg/ml), 2-4 drops of 5% NI-12 01-1HCI
and wait 10 minutes.

6. Add conc. HF to make the final solution 2. 5 molar in Hy (Note 2).
Digest the precipitate in a hot water bath for 5 minutes, centrifuge
and discard the supernate.
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7. Wash the LaZ3 precipitate with 2, 5 M HF-HNO3 solution and
discard the wash.

8. Slurry the precipitate with I ml. of saturated boric acid solution
and transfor to a 50 nl. beaker with 7N HN0 3 . Wash the Lusteroid
with 7N H-N0 3 and combine with the solution in the beaker.

9. Heat the solution and adjust the acidity to 7N HNO3. Continue with
step 5 of the plutonium procedure in lPrt I, Chapter 3 in which the
solution is added to the anion exchange colunmn.

Notes

1. If the sample has a high calcium content as in the case of
bones, a second precipitation must be performed. CaF precipitates
during the LaF 3 scavenge and the calcium interferes with the
efficiency of the ion exchange column. The chemical yield of
plutonium in an analysis employing two Bi PQj precipitations is
72. 1 + 5.4% as compared to a 83. 7 + 4. 0% yield for an analysis
involving only Bi P 4 precipitation,

2. If so.mne iron has been carried through with the Bi I" precipitation,
sufficient 1-F must be added to complex it. When all of the iron is
complexed, the solution should be decolorized.

The electroplated disks were assayed by using ZnS scintillation coujters.

The spectra of several samples were determined by alpha particle spectroscopy,

and they exhibited pure plutonium-239 and/or 240 with no other alpha contamination.

Sinte the plutonium activities in the samples which were analyzed were generally

low, extreme caution was exercised to eliminate possible contanination of the

sample during the analytical processing. Reagent blanks were processed

concurrently with samples to monitor the contamination level if any existed. In

addition, lung tissue autopsied prior to 1945* was processed to represent ideal

tissue blanks. Li all cases, the blank samples reflected no detectable alpha

activity.

Made available through the courtesy of Col. J. M. Dlurnberg, Deputy Directur
Armed Forces Institute of Pathology, Washington 45, D. C.
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1iurzaan Tissue Analyses

The results of the human tissue analyses are reported inx Table 4. 2.

The errors accompanying the data represent "ne standard deviation of the counting

error. All samples were obtained in the New York metropolitan area. The sample

solution obtained frorn a 1959 lung sample was split and each aliquot analyzed

separately to reflect the reproducibility of the radiochemical procedure.

Analyses of other duplicate samples and standards in which the counting errors

were minimal gave an average precision of better than + 5 percent. The composite

organs in group I cons:;sted of combined samples from six cadavers whose age at

time of death was at least 70 years.

The most striking result obtained from the analyses of the human tissue

is the high percentage of the maximum permissible dose (MPD) delivered to the

lungs, pulmonary lymph nodes and gonads by the plutonium deposited in these

organs. This is particularly emphasized by comparison to the average percent

of MPD delivered by Sr 9 0 to the adult skeleton. Kulp 1 2 has reported that the

average Sr 9 0 concentration in adult bone in 195" for Western culture in the

Northern Hemisphere was about 0. 30 plic/g Ca or about 0. 15 percent of MPD.

The percent of 1VPD for plutonium in lungs, pulnonary lymph nodes and gonads

ranges f:roin 1/3 to about 10 times this percent of Sr 9 0 MPD to the skelton. The

gonad burden raises the question of genetic effects in addition to possible somatic

effects.

The distribution of total plutonium n,:asured in the human oralans

supports the theory that inhalation is the significant mode of entry of fallout

plutonium into rrianr. In the composite organs of group 1, only one lung froxii each

cadaver was analyzed, so that the activity (4. 1 DPM) for the total lung sample

should be doubled when comparing the plutonium content of the various organs. It

is clear that the total activity of plutonium in the lungs is about 10 times greater
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than any'athor organ measured. Further, the high activity per gram in the

pulmonary lynph nodes (a factor of about 6 greater thi the corresponding lungs)

correlates w-ith theories predicting that the plutonium diposited in the lungs will

concentrate in the lymph system. This argues that the pulmonary lymph nodes

may be the c ritical organ as far as plutonium inhalation is concerned. It is

interesting tc note that the values of plutonium found in the lungs autopsied in

the spring Xt 1959 agree with a predicted value of I dpm per gram calculated

from the Har-rinan lung model of pulmonary deposition and the measured air

concentrationn.

Animal Tisslue Analyses

The results of the animal tissue analyses are reported in Table 4.3.

The samples cornprfising the steer number I organs were recovered from the

same animal- by making arrangements with a local slaughterhouse. AJ! other

samples in 'ab.e 4 , 3 were purchased in supermarkets in the northern New

Jersey area during the fall of 1958 and the spring of 1959. In the; stewing beef

samples niin-bers 3 and 4, the fluid was draincd from the meat and each fraction

analyzed sepi-ardLely.

The: plutonium activities per grain of beef spleen, stewing beef and

particularly the fluid extract from the stewing beef samples are relatively high.

Stewing beef samples are extracted from the shoulder of the animal in the

vicinity of th~e thoracic duct. Since these samples are all associated with the

lymph systexi, there is an apparent correlation between high plutonium content

and this syst em.

Thm one steer lung analyzed contained about the same anount of

plutonium pe r gram as did human lung. Unfortunately, this steer lung was not

recovered fr om the same animal as the number I group of samples. Therefore,
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0 no definitive correlation between total plutonium burden and organ can be made

to delineate the mode of entry of the plutonium into the animal. However, the

high concentrations of plutonium in the spleen and stewing beef samples offer

S curious data which may be difficult to explain solely on the basis of an inhalation ,

made of entry.

The general level of plutonium found ia the other tissue in Table 4.3

reflects its somewhat ubiquitous nature. The percent of MPG for ingestion of

these meat products by the general population is also included in Table 4. 3.

Although the concentrations approach one percent in the spleen and stewig beef

samples, the general levels are of no real significance as far as ingestion

hazards of the total diet are concerned, This has also been demonstrated by

the plutonium analysis of several total diet samples which were collected by
90 13

Consumers Union in their study of Sr during 1959 . The highest concentration

o! plutonium found in these samples (0. 095 dpm/kg) represents only 10- 3
t

percent of MPG for continuous ingestion by the general population.

Miscellaneous Sample Analyses

The common occurrence of low levels of plutonium is further indicated

by the analyses of miscellaneous samples reported in Table 4.4. The plutonium

concentration of the alfalfa may be indicative of Its concentration in other forms

of v ,gtatiun. Since the ash weight of wheat is about Z percent of the raw

vegetation, the specific activities reported range from about 0, 02 to 0, 15

percent of MPC for plutonium ingestion.

Strontium-90 analyses were also performed on the miscellaneous

samples, and the Pu/Sr 9 ) ratio is reported in Table 4,4. The ratio obtained

from the rain sample compares favorably with the ratio obtained from the

stratospheric and ground level air sampics. The ratios for the alfalfa and
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Table 4.4 Miscellaneous Plutonium Analyaes

Sanple* Sample Sample dprn dpm/ 8  Pu/Sr 9 0Type Weight (g) + Std. Deviation + Stdl. eviation

(iO- 3 )

Alfalfa Ash I 5.6 9.92 + 0.96 1770 + 170 0.12
Alfalfa Ash II 4.2 4.03 ±0.39 960 + 93 0.15
Wheat Ash 1 5.3 1.49 ±0.27 281 +51 0.046
Wheat Ash I 5.2 7.75 +0.51 1490 + 10O 0.114
Wheat Ash II 5.91 1,11 ±.0.18 188 +30 0.057
Wheat Ash IV 5.24 0.996 + 0. 149 190 +28 0.060
Rain 500 1.98 +0.30 0.396 +0.060 0.028

p* The alfalfa and wheat ash samples were harvested in 1958 and were suppliedby Dr. John Harley, Director Health and Safety Laboratory, AEC, New Yurh.
Th. rain sample was collected in the spring of J959 on the roof of Isotopes, Inc.
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wheat a-sh samples are a factor of 2 to 5 times greater. This discrimination

against strontium-90 is most probably the result of the foliar uptake mechanism

of plant contamination. The Sallout plutonium was deposited on the leaves of the

plant and was retained to a greater degre than the strontium-%90.

Summary

These data, particularly the results from the human tissue analyses,

have shown that fallout plutonium has entered the biosphere and man, and that

inhalation is the principal mode of entry into man. In addition, it appears that

the pulmonary lymph nodes should be considered in the asaignmnent of the critical

organ as far as inhalation of plutonium is concerned. As a result of the

moratorium of n1Aclear weapons, the rate of fallout and, therefore, the plutonium

concentration in ground level air have markedly decreased. Barring an

unexpectedly high resspension of surface deposited fallout, there is probably

no hazard associated with fallout plutonium at the present time. It is unfortunate

that a more extensive program was not undertaken during 1959 and 1960 when

a precise assessment of the hazard from plutomium in nuclear weapons fallout

could h'.ve ben ..nade.

It is possible that one aspect of this investigation may still be exploited

to good Ldvantage. A great deal of research has been directed toward the

metabolism and fate of plutonium in a living system, Extensive laboratory tests with

animals are still in progress to probe deeper into this study, No matter how

successful these studies are, there remains the enormous extrapolation of the

results from the laboratory test animals to the ultimate biological system of

concern, i.e. man. The presence of plutonium in man as a result of nuclear

weapons testing offers a unique opportunity to study the Metabolism and

translocation of this element within the body. The results of this cursory
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investigation prove unquestionably that this sort of a program could have boen

conducted two years agc. 1y combining autopsy samples. Since the biologiiaj

half life of plutonium is long, ".t is likely that current autopsy material, in

perhaps slightly larger com posites, could still offer the same opportunity for

study.
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